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INTRODUCTION 
The purpose of  t h i s  r e p o r t  i s  t o  document t h e  n a t u r a l  resources  o f  
Los Penasqui tos  Lagoon, San Diego County; t o  o u t l i n e  and eva lua t e  proposed 
developments a f f e c t i n g  those  resources ;  and t o  recommend measures t h a t  will 
p r o t e c t  and enhance t h e  lagoon and i t s  envi rons .  
The n e c e s s i t y  f o r  a r e p o r t  o f  t h i s  na tu re  has become apparent  wi th  t h e  
progress ive  d e s t r u c t i o n  of C a l i f o r n i a ' s  c o a s t a l  wet lands over  t h e  p a s t  
f i f t y  yea r s .  These wetland r e sources ,  which a r e  v i r t u a l l y  i r r e p l a c e a b l e ,  
a r e  e s s e n t i a l  t o  t h e  continued ex i s t ence  of  many forms o f  r e s i d e n t  f i s h  and 
w i l d l i f e  and t o  t h e  p re se rva t ion  of  migratory shorebi rds  and waterfowl. 
Approximately 60 percent  o f  t h e  t i d a l  wetlands i n  C a l i f o r n i a  has a l r eady  
been destroyed ( ~ p e t h ,  1970) ;  and, it i s  est imated t h a t  on ly  1 0  percent  i s  
l e f t  o f  t h e  o r i g i n a l  acreage of  c o a s t a l  marshland i n  San Diego County. 
The f u t u r e  of t h e  remaining wetland h a b i t a t s  cont inues to  be th rea t ened .  
There i s  an urgent  need, t h e r e f o r e ,  f o r  sound planning t o  p r o t e c t  t h e s e  
wetlands and t o  prevent  t h e i r  otherwise i n e v i t a b l e  disappearance as a valu- 
a b l e  n a t u r a l  resource .  
Los Penasqui tos  Lagoon has cons iderable  h i s t o r i c a l  s i g n i f i c a n c e .  
It was t h e  sub jec t  of  t h e  f i r s t  i n t e n s i v e  s c i e n t i f i c  s tudy  aimed at iden- 
t i f y i n g  and documenting t h e  outs tanding  eco log ica l  f e a t u r e s  of  a southern 
C a l i f o r n i a  c o a s t a l  wetland. The continued p r o t e c t i o n  o f  t h i s  va luab le  
w i l d l i f e  resource  i n  t h e  f a c e  of  t h e  imminent u rban iza t ion  of  f t s  envi rons  
now p r e s e n t s  a s e r i o u s  chal lenge t o  urban p l anne r s ,  w i l d l i f e  managers and 
concerned c i t i z e n s .  The lagoon, i n  e f f e c t ,  w i l l  provide a t e s t  case  f o r  
man's ingenui ty  i n  u t i l i z i n g  t h e  cons t ruc t ive  fo rces  of modern-day s c i e n t i f i c  
and engineer ing  prowess t o  so lve  o r  m i t i g a t e  aga ins t  t h e  d e s t r u c t i v e  e f f e c t s  
t h a t  s c i e n t i f i c  and engineering c a p a b i l i t y  can genera te .  
Because t h i s  r epor t  i s  intended t o  fu rn i sh  p u b l i c ,  governmental 
agencies and adminis t ra tors  with a concise account of t h e  resources of 
Los Penasquitos Lagoon, much s c i e n t i f i c  and t e c h n i c a l  d e t a i l  has been ex- 
cluded. However, a comprehensive bibl iography r e l a t i n g  t o  t h e  ecology of  
t h e  lagoon has been included t o  allow f o r  r e t r i e v a l  of d e t a i l s .  Addit ional  
information regarding o t h e r  Ca l i fo rn ia  c o a s t a l  wetland resources and t h e i r  
adminis t ra t ion  may be obtained from s i m i l a r  r e p o r t s  t h a t  have been pre- 
pared a s  a "Coastal Wetlands Se r i e s"  by t h e  Ca l i fo rn ia  Department of F ish  
and Game (upper Newport Bay, Orange County, Frey e t  a l . ,  1970; Goleta Slough, 
Santa Barbara County, Speth,  1970 ; Bolinas Lagoon, Marin County, Giguere , 
1970; Elkhorn Slough, Monterey County, Browning, 1972; San Diego Bay, San 
Diego County, Browning and Speth, 1973; Humboldt Bay, Humboldt County, 
Monroe, 1973). 
SUMMARY 
Los Penasquitos Lagoon, loca ted  near t h e  northern l i m i t  of t h e  City 
of San. Diego, comprises about 385 ac res  of ecological ly  valuable coas ta l  
wetland h a b i t a t .  S a l t  marsh vegetat ion covers about 235 acres  of t h e  a rea  
and the re  a r e  about 30 acres  of well-defined t i d a l  channels t h a t  range i n  
depth from 1 t o  27 f e e t .  Mudflats and salt f l a t s  comprise t h e  remaining 
120 acres of t h e  wetland h a b i t a t  i n  t h e  lagoon. 
Approximately ha l f  of Los Penasquitos Lagoon i s  owned by t h e  St  a t e  of 
Cal i fornia  and has been designated a s  a na tu ra l  preserve within t h e  Torrey 
Pines S t a t e  Reserve, under t h e  administrat ion of t h e  S t a t e  Department of 
Parks and Recreation. The other  h a l f  i s  owned by t h e  San Diego G a s  and Elec- 
t r i c  Company. The h i l l s i d e s  on t h e  nor theas tern  s ide  of t h e  lagoon a r e  
i n  p r iva te  ownership and a r e  undergoing in tens ive  development. The south- 
eas tern  environs supports a l i g h t  indust ry  complex. Inland,  t h e  drainage 
bas ins  t r i b u t a r y  t o  t h e  lagoon a r e  expected t o  undergo extensive development 
i n  t h e  near f'uture. 
Los Penasquitos Lagoon or ig inated  many thousands of y e a r s  ago when 
r i s i n g  sea  l e v e l s  flooded t h e  Penasquitos Valley t o  form a deep marine 
embayment. S i l t  deposited by inflowing r i v e r s  gradually f i l l e d  i n  t h e  es- 
tuary  over t h e  years  so t h a t  most of t h e  a r e a  is  now covered only by shallow 
water a t  high t i d e .  Railroad and highway construction i n  t h e  e a r l y  1900's 
r e s u l t e d  i n  s i g n i f i c a n t  changes i n  t h e  na tu ra l  drainage p a t t e r n  and t i d a l  
c i rcu la t ion  of t h e  lagoon and g r e a t l y  const r ic ted  the  lagoon entrance 
channel. I n  t h e  19601s,  the  discharge of sewage e f f l u e n t  i n t o  t h e  lagoon 
caused odor and insec t  problems. I n  1967 t i d a l  f lushing was improved with 
t h e  commencement of a  program t o  keep t h e  lagoon mouth open by mechanically 
removing t h e  sand b a r r i e r .  With t h e  cessa t ion of sewage discharge i n t o  t h e  
lagoon i n  1972, lagoon waters have improved cansiderably. However, elimin- 
a t i n g  t h i s  source of e x t r a  water has increased t h e  diff icxll ty of keepj-ng 
t h e  mouth open, due t o  an i n s u f f i c i e n t  t i d a l  prism. 
A wide v a r i e t y  of p lant  species i s  found i n  and adjacent t o  t h e  lagoon 
area .  The d i v e r s i t y  of vegetat ion types occurring within a r e l a t i v e l y  s m a l l  
a rea  makes t h e  lagoon p a r t i c u l a r l y  s u i t a b l e  f o r  t h e  study of ecology. 
Several r a r e  p lan t  species,  including t h e  s a l t  marsh daisy,  southern poverty 
weed and beach deerweed, have focused t h e  a t t e n t i o n  of b o t a n i s t s  on t h e  
area.  
A total. of 68 species of waterfowl and shorebirds i s  recorded from 
t h e  lagoon and i t s  environs. Most a r e  migratory wi th  peak populations 
occurring i n  Apr i l  and October. The endangered l ight-footed clapper r a i l  
and Belding's savannah sparrow a r e  bo-th res iden t  i n  t h e  lagoon marshes. 
The endangered Cal i fornia  l e a s t  t e r n  a l s o  nes t s  i n  s m a l l  nimbers jn the lagoon. 
Twenty-one species of f i s h  have been recorded from t h e  lagoon chcmnels. 
The most prevalent  a r e  t h e  bay topsmelt,  k i l l i f i s h  and Ca l i fo rn ia  hal-ibut.  
'I've species of small f i s h ,  t h e  nudsucker and t h e  shor-t-nosed p ipe f i sh ,  
a r e  res iden t s  of t h e  lagoon waters, and have become rela-Lively scarce due 
t o  t h e  diminution of  e s tua r ine  h a b i t a t .  
Several  types of  s h e l l f i s h  a re  abundant i n  some areas  of t h e  lagoon, 
t h e  most common being t h e  jackknife and bent-nose clams. Large numbers of 
ghost shrimp, a s  wel l  a s  jackknife and rough piddock clams, were harvested 
f o r  a local  b a i t  industry i n  1969 and 1970. This commerical. e f f o r t  has been 
ha l t ed  by pressure from t h e  public who objected t o  t h e  unsight ly  disturbance 
created  by t h e  harves t .  
Campsites and middens of t h e  L a  J o l l a  Indians,  who occupied t h e  a r e a  
4 t o  5 thousand years ago, have been discovered i n  and near t n e  lagoon a rea .  
Primit iye stone implements, animal bones, and s h e l l s  of b o t h  lagoon and ocean 
mollusks a r e  among t h e  a r t i f a c t s  t h a t  have been found. A we l l  preserved 
skeleton was recen t ly  unearthed a t  a b u r i a l  s i t e  near t h e  nor theas tern  edge 
of t h e  lagoon. 
Nature study, photography, boating and f i sh ing  a r e  t h e  main r e c r e a t i o n a l  
uses of t h e  Los Penasquitos Lagoon. Many picnickers use t h e  beach a r e a  
where the re  a r e  restroom f a c i l i t i e s ;  t h e r e  i s  some clamming on t h e  mudflats 
and sandbar near t h e  lagoon entrance. No hunting o r  camping i s  permitted 
i n  t h e  lagoon o r  adjacent  areas.  
The lagoon r a t e s  very high i n  s c i e n t i f i c  i n t e r e s t  and educational  use.  
The area  i s  one of t h e  bes t  documented coas ta l  wetlands i n  southern Cal i fornia .  
College s tudents  make extensive use of t h e  lagoon i n  course work and research,  
and many high school and elementary school s tudents v i s i t  t h e  lagoon on f i e l d  
t r i p s .  Although much of t h e  educational and s c i e n t i f i c  use occurs on s t a t e  
lands t h e  San Diego Gas and E l e c t r i c  Company has permitted s tud ies  t o  be 
ca r r i ed  out on t h e i r  por t ion  of t h e  lagoon. 
The p r i n c i p a l  problems and c o n f l i c t s  of use concerning Los Penasquitos 
Lagoon fa l l  under t h e  general  categories o f :  1) lack  of adequate t i d a l  
f lushing o r  c i rcu la t ion ;  2 )  urban and i n d u s t r i a l  development i n  t h e  lagoon 
and watershed; 3) sedimentation and pol lu t ion of i t s  waters ; and 4) a general  
lack of coordinated management and planning e f f o r t s .  
It i s  an t i c ipa ted  t h a t  t h e r e  w i l l  be increased use of t h e  lagoon due 
t o  projec ted ,  r ap id  expansion of population i n  adjacent areas .  Hence t h e  
protec t ion and enhancement of na tu ra l  resource values of Los Penasquitos 
Lagoon w i l l  provide a t e s t  case f o r  t h e  ef fec t iveness  of w i l d l i f e  and land- 
use management p r inc ip les  i n  coping with t h e  pressures t h a t  a r i s e  from 
urban and i n d u s t r i a l  encroachment. Long-term management of  t h e  lagoon w i l l  
w 
require  -the co-ordination of more than 20 government agencies wi th  juris- 
d i c t i o n  i n  t h e  lagoon, and t h e  development of  enforceable regula t ions  f o r  t h e  ..pi 
control  of  both on-site and basin-wide problems. The successful  management 
of t h e  lagoon, however, xi11 ul t imate ly  depend heavily upcn s t rong publ ic  
support f o r  lagoon protec t ion and increased awareness of p r iva te  landowners 
a s  t o  t h e  long-term e f f e c t s  of a l t e r i n g  t h e  n a t u r a l  landscape of t h e  lagoon 
drainage bas in .  
The remaining t ide lands ,  s a l t  marshes, lagoons, bays and e s t u a r i e s  
of southern Cal i fornia  a r e  a vi ta l  l i n k  i n  t h e  P a c i f i c  Flyway, t h e  c o a s t a l  
migratory path taken annually by thousands of  waterfowl, shorebirds and o the r  
water-associated b i rds .  Los Penasquitos Lagoon i s  an i n t e g r a l  p a r t  of  t h a t  
flyway and important t o  t h e  open space concept t h a t  makes San Diego County 
so a t t r a c t i v e  t o  w i l d l i f e  and man a l i k e .  This v i t a l  coas ta l  wetland should 
be protec ted  and maintained. 
RECOMMENDATIONS 
Because of t h e  high value of t h e  va r ied  and important n a t u r a l  resources 
i n  and around t h e  Los Penasquitos Lagoon; t h e  increas ing public need f o r  
r ec rea t iona l  areas  and open spaces; and t h e  growing concern about t h e  
fu tu re  of Ca l i fo rn ia ' s  v i t a l  coas ta l  wetlands, t h e  Department of Fish and 
Game recommends t h a t :  
A permanent opening from t h e  lagoon t o  t h e  ocean be constructed 
and maintained. Adequate t i d a l  c i r c u l a t i o n  i n  t h e  lagoon i s  necessary t o  
maintain es tua r ine  organisms. Good t i d a l  f lushing a l s o  would s u b s t a n t i a l l y  
decrease, o r  l a r g e l y  e l iminate ,  problems of odor and mosquitos, which would 
make viewing and rec rea t iona l  use of t h e  lagoon more pleasing.  The construc- 
t i o n  and maintenance of t h e  opening should not r e s t r i c t  t h e  n a t u r a l  movement 
of sand along Torrey Pines S t a t e  Beach. 
2. The privately-owned wetlands i n  Los Penasquitos Lagoon be purchased 
and placed i n  t h e  Torrey Pines S t a t e  Reserve. The Department t akes  t h e  posi- 
t i o n  t h a t  no development should take  place i n  t h e  lagoon; hence, acquisi-  
t i o n  a d  placing t h i s  property i n  t h e  s t a t u s  of a reserve  is  t h e  bes t  means 
t o  insure  t h e  ecological  i n t e g r i t y  of t h e  lagoon. 
3. A watershed protec t ion and management program be implemented i n  
t h e  Los Penasquitos watershed t o  reduce t h e  input  of streamborne sediments 
and po l lu tan t s  i n t o  t h e  lagoon. A f lood p l a i n  management program above t h e  
lagoon would bes t  preserve t h e  present  wetlands environment and a t  t h e  same 
time c rea te  a green b e l t  of r i p a r i a n  h a b i t a t  adjacent  t o  t h e  lagoon which 
would complement t h e  wetland open space. Sediment t r a p s  should be estab- 
l i s h e d  i n  water courses outside of t h e  lagoon area ,  i n  conjunction with 
a f lood p l a i n  management program. 
S t r i c t  enforcement of Water Qua l i ty  Control Board regula t ions  
would a l s o  a s s i s t  i n  reducing sediment deposi t ion ,  I f  necessary t h e  
program could include a channelization p ro jec t  cons-tructed through t h e  
lagoon t o  c a r r y  sediments t o  t h e  ocean. 
4. The e f f e c t s  of d i r e c t  encroachment and d i s tu rb ing  influ- 
ences upon t h e  lagoon be evaluated and p ro tec t ive  measures taken aga ins t  
such encroachment. Appropriative and non-appropriative use of  t h e  
-
lagoon by people; domestic animals; and rec rea t ion  vehic les  a r e  d is -  
tu rb ing  influences i n  t h e  lagoon. Tolerance l i m i t s  and dimension 
of t h i s  problem should be measured m d  recommendatj.ons made accord- 
ingly .  
5 .  MosquiLo aha-tement be accompi.ished w i t h  t h e  l e a s t  poss ib le  
irm$act on t h e  eco11-f the  lagoon. U n t i l  mosquitos c m  be Siolo-  
- 
gicalkr  co2irolZed by adequate t i d a l  c i r c u l a t i o n  axd di tching t o  dra in  
stagnant  porlds, t h e  J u d i c i a i  use of s e l e c t i v e  l a rvac ides  should 
be encouraged as  metnods 01 mosquito control .  
6 Widening o r  r e l o ~ t t t i o i l  of  roads on the  lagoon perimeter 
not  encroach. i n t o  t h e  lagoo= Plans f o r  widening C m e l  Valley 3oad 
and re lcca t ion  o:? S o r r e n i , ~  Valley Road should be adjus ted  -to ps"e-- 
vent any f i ; l ing ox disturbance of lagoon h a b i t a t s .  
7 -  San Diego Coastal L a ~ o o n  Mmagement Commit-tee be 
por ted  and fknried. The goals of  t h i s  cornmit tee  
ax-e t o  s e t  up a basin-wide program of lagoon planning and raarlagement 
and -to insure  coordination of  t h e  a c t i v i t y  of those s g e n c i t ? ~  having 
j u r i s d i c t i o n  over t h e  bas in  wetlands. Los Penasquitos has been 
s e l e c t e d  by t h e  Committee a s  a model lagoon management s tudy a r e a  
and recommendations a r e  now being formulated f o r  both s h o r t  and long- 
term management p r a c t i c e s .  
PLATE 1 
VICINITY M A P  
TWE LAGOON AND ENVIRONS 
Description of t h e  Area 
General 
Los Penasquitos Lagoon i s  a coas ta l  lagoon loca ted  i n  San Diego County, 
approximately 19 miles nor th  of t h e  City of San Diego and one mile south 
of t h e  City of Del Mar ( p l a t e  1). The lagoon, which encompasses an a rea  
about one mile long and one-half mile wide, l i e s  a t  t h e  mouth of t h e  Los 
Penasquitos drainage bas in ,  t h e  western end of Camel and Sorrento va l l eys .  
The lagoon cons i s t s  of f l a t  marshland, laced with deep t i d a l  channels and 
in terspersed with occasional  t i d a l  and s a l t  f l a t s .  I n  some loca t ions  
t h e  channels reach depths of 25 f e e t .  
The lagoon i s  separated from t h e  ocean by sand dunes and beach--and 
o l d  highway 101, t h e  Pac i f i c  Coast Highway. Bluffs  border t h e  lagoon on 
t h e  south and a re  t r aversed  by t h e  o l d  highway. A S t a t e  Beach parking l o t  
l i e s  i n  t h e  northwest corner of t h e  lagoon and t h e  Santa Fe Railroad cu t s  
diagonally through t h e  e n t i r e  lagoon from southeast  t o  northwest. Southeast 
of t h e  lagoon l i e s  an area  of f loodplain now undergoing i n d u s t r i a l i z a t i o n .  
H i s  t o r y  
The lagoon t akes  i t s  name from one of t h e  creeks i n  t h e  upper drainage 
basin. On older  maps t h e  lagoon i s  marked a s  Soledad Lagoon and i s  f r e -  
quently re fe r red  t o  l o c a l l y  as  t h e  Torrey Pines Lagoon o r  t h e  Sorrento La- 
goon because of i t s  proximity t o  t h e  Torrey Pines S t a t e  Reserve and Sorrento 
Valley. 
Los Penasquitos Lagoon or ig inated  10 t o  25 thousand years  ago when 
t h e  melting of t h e  polar  ice-caps resu l t ed  i n  a r i s i n g  s e a  l e v e l  t h a t  
flooded t h e  v a l l e y  of Los Penasquitos Creek t o  form a large marine embayment 
( ~ o r r e y  Pines  Assoc., 1972). 
Indian middens on t h e  marine t e r r a c e s  t o  t h e  nor th  m d  south o f  t h e  
lagoox1 fu rn i sh  ample evidence t h a t  t h e  lagoon abounded i n  s h e l l f i s h  md 
other  mariiie l i f e  between four  and f i v e  thousand years  ago ( ~ i l l e r ,  1966).  
Over t h e  cen tu r i e s ,  however, waters dra in ing i n t o  t h e  formerly l a r g e  es tu-  
ary deposi ted vas t  q u a n t i t i e s  of a l l u v i a l  sediment i n t o  t h e  bay, r e s u l t i n g  
in t h e  g:radual. f i l - l ing-in of  t h e  bay and formation of -the :l.agoon. A t  t h e  
tkae  c ~ j X ~ o r t o l s . ' s  t r e k  from San Diego t o  Monterey i n  1 ~ 6 9 ~  F r i a r  Crespi 
described t h e  Soledad Valley (Los ~ e n a s q u i t o s )  a s  "veqy grzea), and grassy, '"  
Today t h e  deep water a r e a  of  t h e  lagoon i s  confined, t o  a, f e w  n?i:i.es of 
-netuderin,g chann.els which a r e  fl.anked by broad a reas  of e i t h e r  s d - t  marsh 
.vege-tati.on o r  b,we saJ-i; f l a t s .  
Despite -the gradual  f i l l i n g - i n  of t h e  t i d a l  es-tuary.,, t~2.s-i;oric:a.X records 
indj.ce;Le t h a t  t h e  lagoon was continuously connected t o  the  ocean a t  l e a s t  
I .  8 :Early r a i l r o a d  maps show t h a t  t h e  lagoon en-timaee rras :Former-a 
i y  locaied  on -t;h.e extreme northwestern sTde of t h e  7rall.ey. The ori.giics:.~ 
r a i l r o a d  t h a t  was ' bu i l t  along -the eas te rn  edge s f  t h e  laguc~n (;;)~.ese~!.-!- C a r m e l .  
V a . l l e y  Road.) and :;oath.wards across t h e  s a l t  f l a t s  , probz.I,~ljr h.a3 i:*.;.t3.~? effect 
on the drainage pa t t e rn  of t h e  lagoon. However, construe-i;iur, of  t;ne pl-esenl; 
Scw.ita Fe Raiir'oad r e s u l t e d  i n  t h e  southward s h i f t i n g  of t,he legoon erilra:.cc 
m d  t h e  blocliage and re loca t ion  of nany of -the I.agoon channels, 3Lti early 
photograph S~IOWS t h a t  by 1928 t h e  lagoon was iso1.a-Led f r c m  tile c c e m  durrl.ng 
a% l e a s t  p a r t  of  t h e  year .  With tile cons t ruct ion  of Hlghxay la1 i n  1932, 
t h e  lagoon was more o r  l e s s  permanently barr icaded from the ocean by a high  
road en2bankment. The only poss ib le  e x i t  f o r  t h e  lagoon water w a s  beneath 
t h e  highway bridge overpass on t h e  northwest s ide  (ICarig, Univ, of  C a l i f .  , 
S m t a  Btu:'i;ara, Dept. Geology, pers  . cornm. , 1971).  
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Af'ter t h e  highway construction,  sand deposited i n  t h e  man-made channel 
entrance by winter  storms and longshore currents  formed a sand b a r  t h a t  i so-  
l a t e d  t h e  lagoon from t h e  ocean. I n  summertime evaporation from t h e  impounded 
lagoon water caused an increase i n  t h e  s a l i n i t y  t h a t  occasionally reached 
t h r e e  times t h e  salt concentration of ocean water (Carpelan, 1960). Increased 
s a l i n i t y  resu l t ed  i n  t h e  death of most aquatic marine l i f e  i n  t h e  lagoon. 
Moderate winter  r a i n f a l l s ,  on t h e  o the r  hand, lowered t h e  s a l i n i t y  and allowed 
t h e  temporary growth of  brackish water p lan t s .  Occasionally, severe winter  
f loods washed out t h e  sandbar at t h e  lagoon entrance and res to red  t i d a l  condi- 
t i o n s  t o  t h e  lagoon. Growth of marine organisms again occurred u n t i l  t h e  
formation of a new beach b a r r i e r  began another cycle of ecological  degrada- 
t i o n .  The i n d i r e c t  r e s u l t  of man-made a l t e r a t i o n s  t o  t h e  drainage pa t t e rn  
of t h e  lagoon w a s  t h e  conversion of t h e  formerly s t a b l e ,  t ida l ly - f lushed  
estuary i n t o  an unstable ,  impoverished lagoon-like h a b i t a t .  I n  t h i s  h a b i t a t ,  
marine condit ions a l t e rna ted  with e i t h e r  a brackish water o r  a hypersabline 
environment, depending on t h e  height  of t h e  sand b a r r i e r  and r a i n f a l l  condi- 
t i o n s .  
I n  1965, a new influence began t o  dominate t h e  lagoon ecosystem. 
This was t h e  accumulation of e f f l u e n t  from two sewage treatment f a c i l i t i e s  
t h a t  discharged t h e i r  overflow i n t o  a creek on t h e  southwestern s ide  of 
the lagoon. Although t h i s  e f f luen t  w a s  secondari ly t r e a t e d  prior t o  discharge,  
it ca r r i ed  l a r g e  amounts of n i t r a t e  and phosphate n u t r i e n t s  i n t o  t h e  lagoon 
and resu l t ed  i n  a lowering of t h e  s a l i n i t y  of t h e  surface  water ( ~ r a d s h a w ,  
1968). This e f f l u e n t  promoted t h e  growth of r a f t s  of f l o a t i n g  algae during 
the  spr ing months. Following t h e  death and decay of these  a l g a l  mats i n  
summer, t h e  oxygen supply i n  t h e  lagoon water became depleted and sulphurous 
odors a r i s i n g  from t h e  lagoon became a notorious fea tu re  of t h e  lower 
Penasquitos Valley. Furthermore, accumulation of  s tagnant  water i n  t h e  lagoon 
and t h e  consequent l o s s  of  predators l e d  t o  t h e  p r o l i f e r a t i o n  of mosquitoes 
and midges, t h e  control  of which required  an extensive spraying program 
t h a t  r e s u l t e d  i n  some untoward secondary e f f e c t s  on t h e  sfit  in&-sh f l o r a  and 
fauna. 
I n  1966, l o c a l  c i t i z e n s ,  alarmed by t h e  degradation of tile marshland 
and by p o t e n t i a l  heal th  hazards, were instrumental  i n  i n s t i t u t i a g  a p r o g r m  
of  per iodic  rernoval of t h e  beach ba r  a t  t h e  mouth of t h e  I.agoon. Tllis has 
usua l ly  been performed by l i g h t  earth. moving equipment under t h e  auspices 
of .the S t z t e  Department of Parks arid Recreation. Between 1966 1970 
t iaa l .  f lushing was more or l e s s  permanently res to red  t o  t h e  lagooli -through 
t h e  continuation of t h i s  program, desp i t e  t h e  f a c t  t h a t  t h e  lagoon entrance 
was 13~rtlier modified by construction of a S t a t e  parking l o t  on the  nor th  bank 
I n  1968. Improved t i d a l  flow encouraged t h e  r e s t o r a t i o ~ z  o f  a healthy marine 
fauna 'GO the  lagoon and g rea t ly  reduced t h e  nuisance an1 heai.i.th problems 
t h a t  f o m e r l y  arose from t h e  accumula-t ion of sewage e f f l u e n t  i n  +,he c3 oaed 
lageon, I n  recent  years ,  however, t h e r e  has been a net  aecmulac,i.or; of s & ~ d  
i n  t h e  lagocn en-trance channel and it has become increas tngiy  d i f ' f i c ~ i r .  to 
maintain t h e  lagoon entrance. 
Geo-d - .!xcheolo~y 
Los Penaoqu'tos Lagoon i s  located  i n  a r i v e r  cut  vai ley which i s  
framed on t h e  nor th  and south by r e l a t i v e l y  high b l u f f s  of sedimentary rock 
on which the  famous Torrey pines grow. Spectacular  views o f  the  lagoon a d  
t h e  unique geology of t h e  a rea  may be seen from t h e  t r a i l s  whiclz meander through 
t h e  Torrey pine groves. 
The 300-foot high b l u f f s  of t h e  Torrey Pines S t a t e  Reserve a r e a  a r e  
mostly l a t e  Ter t i a ry  and represent  severa l  geological  e ras  of sediment 
deposition during periods of marine inundation, a l t e rna t ing  with periods 
of u p l i f t  and erosion ( ~ o r r e y  Pines Assoc., 1972). The lower t h i r d  of t h e  
va l ley  w a l l s  i s  composed predominantly of greenish s i l t s t o n e s  of t h e  Delmar 
formation. Spectacular deposits of f o s s i l  oysters i n  so l i d ly  packed layers  of 
up t o  two f e e t  i n  thickness are  exposed i n  places. A t o t a l  of 32 species 
of f o s s i l s  has been iden t i f i ed  from these  sediments. Above t he  Delmar forma- 
t i o n  l i e  extensive deposits of white or  buff-colored Torrey Pines sandstone. 
This sandstone is  capped by a r e l a t i ve ly  t h i n  l ayer  of hard, red,  iron- 
bearing sandstone (the Sweitzer o r  Linda Vista formation). More recent geolo- 
g i c a l  features  include a low (50 foo t )  marine-cut t e r r ace  on t h e  southwest 
s ide  of t h e  lagoon, extensive beach deposits  along t h e  ocean f ron t ,  and a 
r e l i c  sand dune eas t  of Highway 101. 
Considerable archeological i n t e r e s t  has been centered on Los Penasquitos 
Lagoon because of t he  proximity of many Indian middens and camp s i t e s .  
These s i t e s ,  which were occupied by La J o l l a  Indians between. four and f i v e  
thousand years ago, usually contain many she l l s  of both lagoon and ocean 
mollusks, some animal bones and primitive stone implements. A well  preserved 
skeleton was found recent ly  a t  a bu r i a l  s i t e  near t he  northeastern edge of 
the  lagoon. 
In t h e  val ley bottom, sediments underlying t he  lagoon basin range 
from greenish and grayish sand near t h e  lagoon entrance t o  blue and gray 
sand shale  and t h in  beds of limestone upstream i n  t he  Soledad V d l e y  (~radshaw,  
1968). The surface sediments a re  comprised predominantly of f i n e  s i l t y  clays 
which form the  s t i cky ,  gray-brown mud found i n  most of t he  lagoon channels 
and s a l t  marsh areas.  These s a l t  marsh sediments a r e  r e l a t i ve ly  t h i n  ( l e s s  
than 6 f e e t  i n  depth),  however, and a re  underlain by marine o r  f l u v i a l  deposit- 
ed sand t o  depths of more than 50 f ee t  ( ~ u d i e ,  1973, unpubl. da ta ) .  
LOS PENASQUITOS LAGOON WATERSHED 
LEGEND 
Line of  Equal Mean Seasonal 
Precipitation in Inches 
Almost a l l  of t h e  s o i l s  i n  t h e  lagoon a rea  are highly s a l i n e .  Exten- 
s ive  areas of  bare s a l t  f l a t s  occur on t h e  southeast s ide  of t h e  lagoon 
and environs. These f l a t s  a r e  flooded by f r e s h  water following winter  r a i n s  
but become encrusted by a t h i n  l ayer  of salt during summer dehydration. 
Abundant s h e l l  fra-ents on o r  near t h e  surface of these  s a l t  f l a t s  ind ica te  
t h a t  t h i s  a r e a  was a shallow t i d a l  lagoon i n  e a r l i e r  times. 
Drainage 
Run-off from a drainage basin of approximately 95 square miles en te r s  
Los Penasquitos Lagoon v i a  Soledad Canyon, Los Penasquitos Canyon and Camel  
Valley creeks ( p l a t e  2 ) .  The mean seasonal  r a i n f a l l  of t h i s  region ranges 
from approximately 11 inches near t h e  coast t o  18 inches i n  t h e  headwaters 
(u. S. Army Corps of Engineers, 1967). Most of t h i s  p r e c i p i t a t i o n  occurs 
between December and March. No da ta  on normal run-off volumes a r e  ava i l ab le .  
The f i f ty-year  f lood volume at t h e  lagoon mouth i s  est imated as  19,000 c . f . s .  
and t h e  Standard Project  Flood (most severe condition expected i n  t h i s  region) 
i s  estimated a s  40,000 c . f . s .  (u .  S. Army Corps of Engineers, 1967). 
During most of t h e  year the re  i s  l i t t l e  n a t u r a l  water flow i n  t h e  
creeks of t h e  Los Penasquitos drainage basin.  But, between 1965 and 1972, 
approximately one mi l l ion  gallons pe r  day of secondarily t r e a t e d  sewage 
e f f luen t  entered t h e  lagoon from Soledad Canyon Creek. Seventy-five percent 
of t h i s  e f f luen t  or ig inated  from t h e  Sorrento and Callan sewage treatment 
p lan t s  t h a t  discharged i n t o  t h e  creek a few miles upstream from i t s  entrance 
i n t o  t h e  lagoon. Most of  t h e  remaining e f f luen t  or ig inated  from t h e  Poway 
sewage treatment p lant  which i s  located  12  miles inland.  This l a t t e r  e f f lu -  
ent  flowed through t h e  Los Penasquitos Valley and entered t h e  Soledad Canyon 
Creek approximately seven miles upstream f r o m t h e  lagoon. A l l  o f  these  
sources of sewage effluent a r e  now discharged i n t o  t h e  S m  Diego Metropoli-  
tm Sewer system and t h u s  no longer  e n t e r  t h e  lagoon. However, d e p o s i t s  
of  nu t r i en t - r i ch  organic  m a t e r i a l  s t i l l  remain i n  some a r e a s  o f  t h e  lagoon 
and creek.  
The main source o f  u a t e r  i n  t h e  Los Penasqui tos  Lagoon i s  now t i d a l  
i n  o r i g i n  and e n t e r s  from t h e  P a c i f i c  Ocean v i a  a 30 t o  60 f o o t  wide channel 
beneath the  P a c i f i c  Coast Highway br idge .  This  channel b i f i l rca tes  approxi- 
mately 150 yards  from t h e  en t rance .  The e a s t e r n  branch runs  inland. mder 
t h e  r a i l r o a d  t r e s . i l e ,  t hen  t r ends  southeas'tiward p a r a l l e l  t o  C a m e l  Val ley 
Road, f i n a l l y  - terminat ing i n  a s e r i e s  of  small c reeks  'that d ra in  t h e  s a l t  
f l e t s  and  non- t ida l  marsh on t h e  sou theas t e rn  s i d e  of the? Iagoon, The western 
branch of t h e  main channel system i s  gene ra l ly  narrower a n d  s h d I ~ w e r  than  
t h e  e a s t e r n  branch, It runs i n  z sou the r ly  d i r e c t i o n  a d  termine;tzs in a 
dendrit2.c  att tern of creeks  t h a t  d r a i n  t h e  n~1dfl.a-L~ and m < ~ r s h  on -the so~~2;:1.- 
wes-tern s i d e  of  t h e  lagoon. 'Two of  t h e s e  poorly de f ined  creeks  connect wi.th 
t h e  So1.edia.d Canyon Creek wliich flows in-to t h e  lagoon throi,~gh a narrow (approxi-  
mately 10 f e e t  wide) channel on t h e  west s i d e  of  t h e  :~ai l :~road.  The cur ious  
p a t t e r n s  of ponds and b l i n d  side-channels i n  t h e  southc.resi;errz por2;ion 9.f t h e  
lagoon i s  due t o  t h e  b i s e c t i o n  of  t h e  former n a t u r a l  d.i:~.iaiage pa-tterri b y  t h e  
r a i l r o a d  and highway embaikments. 
As n r e s u l t  of r ecen t  i n t e n s i v e  r e s i d e n t i a l  aevel.opmc?nt c f' t h e  hi.1l.s id.e 
no r theas t  o f  .the lagoon, t h e r e  has  been a s i g n i f i c a n t  i nc rease  in t h e  f l o w  
of urban runoff  draini i ig  :i.nto t h e  e a s t e r n  channel.  ljuring t h e  f a l l  of 1973, 
t h i s  runoff  volume amouilted -Lo approximately 1,500 ga l lons  pe r  d3y. 'The 
dra inage  of  f r e s h  water  has had a measurable d i l u t i n g  infl .uence on t h e  c h a n e l  
water  when t h e  lagoon en t rance  i s  c losed;  it may be a sigz1,ificant source 
of  n u t r i e n t s  and p o l l u t a n t s  i n  t h e  absence of  t i d a l  f l u s h i n g  o f  t h e  channels .  
Tides 
P 
The a rea  of t h e  Los Penasquitos Lagoon subject  t o  t i d a l  inundation i s  
approximately 185 acres.  O f  t h i s  acreage, approximately 30 c o n s t i t u t e  well- 
defined channels which range i n  depth from 1 t o  27 f e e t .  The remaining 200 
acres of t h e  lagoon, composed of high marsh and s a l t  f l a t s ,  a r e  above t i d a l  
influence.  When t h e  entrance channel i s  closed by a sand b a r ,  accumulation 
of run-off from heavy winter  r a i n s  may r e s u l t  i n  t h e  flooding of t h e  lagoon 
area  with brackish water t o  approximately t h e  t h r e e  foot  contour l e v e l  o r  
higher. 1 
The maximum t i d e  heights  (spr ing t i d e s )  a t  t h e  entrance t o  t h e  Los 
Penasquitos Lagoon i s  6 t o  7 f e e t ,  each t i d a l  height  being approximately 
nine-tenths of t h e  predicted t i d a l  height  a t  Broadway P i e r ,  San Diego. A 
6.7 t i d e  w i l l  inundate about 185 acres of t h e  lagoon. Tides of l e s s  than 
5.0 f e e t  w i l l  leave  exposed most of t h i s  acreage of salt f l a t s ,  s a l t  marsh 
and mudflats.  On very low t i d e s ,  water is  r e s t r i c t e d  t o  t h e  deeper p a r t s  of t h e  
main channels. 
There i s  a n a t u r a l  tendency f o r  wave-deposited sand t o  accumulate a t  
t h e  mouth of Los Penasquitos Lagoon ( s e e  Appendix A f o r  d e t a i l s ) .  This 
leads  t o  t h e  gradual formation of a broad sand ba r  i n  t h e  v i c i n i t y  of t h e  
junction of t h e  two main branches of t h e  lagoon drainage system. The channels 
tend t o  become braided and const r ic ted  as  t h e  sand moves inland.  When t h e  
height  of t h e  sand bar  reaches approximately four f e e t  a b ~ v e  mean sea  l e v e l ,  
t i d a l  c i rcu la t ion  i n  t h e  lagoon ceases. Since 1966 t h i s  sand b a r  has been 
pe r iod ica l ly  removed by excavation t o  r e s t o r e  t i d a l  f lushing i n  t h e  lagoon. 
1. Eleyation converted t o  U .  S. G. S.  datum: t o  convert t o  t i d a l  l e v e l ,  . 
add 2.7 f e e t .  
Before cessa t ion  of sewage e f f l u e n t s ,  each excavation kept, t h e  channel 
entrance open f o r  about six t o  twelve months. Since then,  i.t appears 
t h a t  t h e  open period a f t e r  each excavation has been shortened. 
Water Charac te r i s t i c s  
De ta i l s  of  t h e  chemical c h a r a c t e r i s t i c s  of  t h e  lagoonl's waters  a r e  
recorded (Appendix B ) .  In  genera l ,  ?hen  t h e  lagoon entrance i s  open, 
t h e  temperature of the waters  i s  s l i g h t l y  lower than t h a t  of t h e  ocean 
du?*ing t h e  winter ,  bu t  i n  summer t h e  lagoon temperatures a r e  usual ly  8 
t o  10' higher than t h e  ambient ocean water temperatures (~rad.s'?aw, 1968).  
?"nroughout t h e  year  t h e  s a l i n i t y  of  t h e  water  i n  most a reas  of  t h e  
:@.goon i s  usual ly  s l i g h t l y  higher than t h a t  of  t h e  ocean,' and may be as 
high ss p a r t s  per  tilousand (ppt  ) i n  .the shallow channels e a s t  of t h e  
r a i l r o a d .  When t h e  la.goon i s  cut  of f  from t i d a l  ini"l.uences, t h e  s a l i n i t y  
patf,ern changes considerably. Following winter  r a i n s ,  the  s a i i n i  ty or t h e  
surface water i r ;  a l l  p a r t s  of t h e  lagoon may drop t o  approximatel-;y ' r l d ~ i '  
t h a t  of seF-l prater. However, t h e  s a l i n i t y  z t  t h e  bot  tosir of  t h e  dee.per 
channels remains at. approximately t h a t  of s e a  vrater These pockets of s a l t y  
w a , t e ~ ~  provide t exnporary refuges t h a t  a r e   it a l l y  1mpo.r tant. Lo -the sur7rlval 
of mot i le  marine organisms which would otherwise be k i l l e d  by the lowered 
s a l i n i t y  of  t h e  surface  water ,  
The "mount of dissolved oxygen i n  the  lagoon water rmlges between 
4 and 26 p a r t s  per  nl i l l lon (ppm) and i s  usual ly  adequate f o r  t h e  sw-rival. 
of marine l i f e .  However, when t h e  lagoin  i s  closed,  t h e  dii-ssolved oxygen 
i n  t h e  salt water pockets underlying t h e  brackish  surface  \#rater frec;u,ently 
drops below 5 ppm and may even become t o t a l l y  depleted.  Ia t h e  p a s t ,  
-.. 
1. Average s a l i n i t y  of t h e  ocean water i s  approximately 33.5 p a r t s  per  
1,000 Cppt). 
similar low oxygen l e v e l s  occurred i n  some areas following t h e  p r o l i f e r a t i o n  
and death of a l g a l  mats, the  growth of which was st imulated by t h e  accu- 
mulation of sewage water i n  t h e  closed lagoon. Such low oxygen environ- 
ments a re  f a t a l  t o  many species of marine inver tebra tes  and t o  all but a 
few hardy species  of f i s h  (e.g. k i l l i f i s h  and mudsuckers). Although f u l l  
e f f e c t s  on all l i f e  s tages  a re  not known, most of t h e  adu l t  forms of common 
lagoon s h e l l f i s h  species (e.g.  jackknife clam, mud cockle, crabs,  and burrow- 
ing  shrimp) can survive one o r  two weeks of low oxygen condit ions but  a r e  
k i l l e d  i f  these  condit ions a r e  prolonged. Thus, pockets of  s a l i n e  water 
t h a t  o f f e r  temporary refuge t o  marine animals when t h e  lagoon i s  flooded 
by f r e s h  water become death t r a p s  i n  t h e  absence of  t i d a l  f lushing.  
I n  t h e  p a s t ,  nu t r i en t  concentrations ( inorganic n i t r a t e  and phosphate) 
i n  t h e  water of Los Penasquitos Lagoon were genera l ly  2 t o  4 t imes higher 
tlian adjacent ocean water (~ radshaw,  1968; Bradshaw & Mudie, 1972). Typi- 
c a l  phosphate values ranged between .0b and .6 ppm. These n u t r i e n t  concen- 
t r a t i o n s  va r ied  considerably from one p a r t  of t h e  lagoon t o  another and 
f luctuated  with t h e  height  of t h e  t i d e  and t h e  amount of t ida l .  f lushing.  
Generally, a t  low t i d e  and when the  lagoon was open, high n u t r i e n t  con- 
cent ra t ions  were found i n  t h e  upper p a r t s  of t h e  western channel t h a t  dra ins  
Soledad Canyon Creek. These high nu t r i en t  values r e f l e c t e d  t h e  presence of 
t h e  sewage e f f luen t  i n  t h e  creek. Typical n u t r i e n t  concentrat ions of the 
creek water p r i o r  t o  closure of the  sewer p lan t s  were around 19 ppm f o r  
phosphate and 1 . 3  ppm f o r  n i t r a t e .  A t  a discharge r a t e  of 1 mi l l ion  gal lons /  
day, t h e  creek ca r r i ed  approximately 260 tons of phosphate and 60 tons 
of n i t r a t e  i n t o  t h e  lagoon each year. By t h e  time t h e  creek water reached 
t h e  mouth of t h e  lagoon, however, t h e  nu t r i en t  concentrat ions dropped t o  
near normal ocean yalues .  This ind ica tes  t h a t  most of  t h e  n u t r i e n t s  were 

absorbed by t h e  lagoon p lan t s ,  deposited i n  t h e  sediment, o r  d i l u t e d  by t idal .  
water during t h e  na tu ra l  cleansing process. 
It i s  an t i c ipa ted  t h a t  t h e  el imination of  sewage e f f l u e n t  w i l l  r e s u l t  
i n  lower n u t r i e n t  values i n  t h e  lagoon waters and a concomitant reduction 
i n  problems r e s u l t i n g  from a l g a l  blooms and sludge deposit ion.  However, 
even p r i s t i n e  lagoons and es tua r ies  tend t o  have high n u t r i e n t  l e v e l s  
r e l a t i v e  t o  open ocean water; thus without regular  t i d a l  f lushing,  n u t r i e n t  
enrichment problems might be expected t o  p e r s i s t .  
Land Ownership 
Los Penasquitos Lagoon l i e s  within t h e  c i t y  l i m i t s  of San Diego. I n  
1921, por t ions  of t h e  lagoon were presented as a g i f t  t o  t h e  City Parks 
Commission and named t h e  Torrey Pines Reserve. I n  1924, add i t iona l  pueblo 
lands were added t o  t h e  Reserve through an ordinance enacted by t h e  City 
Council. I n  1959 t h e  ownership of t h i s  reserve  and t h e  adjacent  southern 
uplands ( a  t o t a l  a rea  of 877 ac res )  was conveyed t o  t h e  S t a t e  of Ca l i fo rn ia  
f o r  use a s  a n a t u r a l  reserve   o or re^ Pines Assoc., 1972) ( p l a t e  3 ) .  Approxi- 
mately 150 acres  of t h e  s t a t e  property l i e  i n  t h e  Los Penasquitos Valley 
and include t h e  bes t  port ion of t h e  lagoon. Most of t h e  marsh a rea  i s  
now c l a s s i f i e d  a s  a "preserve" (within t h e  ~ e s e r v e )  and i s  under t h e  juris- 
d ic t ion  of t h e  S t a t e  Department of Parks and Recreation. Boating and f i s h -  
ing  a r e  permitted i n  t h e  preserve,  however no landscaping by man i s  allowed 
(welch, Ca l i f .  Dept. Parks & Rec., pers .  corn. ,  1971). I n  1970, an addi- 
t i o n a l  190 acres  t o  t h e  north of t h e  Los Penasquitos Lagoon was designated 
a s  a n a t u r a l  park a rea  and i s  being acquired by t h e  S t a t e  Department of Parks 
and Recreation  o or re^ Pines S t a t e  Park Extension). However, t h i s  property 
does not include any wetland h a b i t a t ,  nor i s  it contiguous with t h e  lowland 
Top and Posting of the lagoon by the San Diego Gas and Electric Company has served to limit unrestricted 
Bottom Photos: use and resultant destruction. Educational use, however, is encouraged on a permit basis. 
Department of Fish and Game Photos, 
March 1974 
area.  The balance of t h e  lagoon, approximately 210 ac res  e a s t  of t h e  r a i l -  
road i s  owned by t h e  San Diego Gas and E l e c t r i c  Company. This property 
includes approximately 150 acres  of non-tidal marsh and salt  f l a t s .  
The lands and beach t o  t h e  south and west of t h e  lagoon a r e  a l l  i n  t h e  
Torrey Pines S t a t e  Reserve. The h i l l s i d e  slopes nor th  of t h e  lagoon a r e  
a l l  p r iva te ly  owned, as i s  t h e  land containing t h e  l i g h t  indust ry  complex, 
south and e a s t  of t h e  lagoon. 
Land Use 
Pr inc ip le  use of t h e  lagoon, included i n  t h e  state-owned Torrey Pines 
Reserve, i s  rec rea t iona l ,  s c i e n t i f i c  and educational  ( s e e  Resource u s e s ) .  
San Diego Gas and E l e c t r i c  Company o r i g i n a l l y  planned t o  use p a r t  of 
t h e i r  property a s  a power p lant  s i t e ;  t h a t  plan i s  now i n  abeyance. How- 
ever ,  SDG&E has es tabl ished t h r e e  s m a l l ,  landscaped public view s i t e s  a t  
t h e  edge of t h e  lagoon. The u t i l i t y  company a l s o  has posted t h e i r  property 
against  t r e spass  and fenced o f f  an access road t h a t  was formerly used heavi ly  
by recreat ion vehic les  which caused considerable des t ruct ion t o  'the s a l t  
f l a t s  and some of t h e  higher marshland. But, ent ry  permits may be ob- 
t a ined  from SDG&E by students i n t e r e s t e d  i n  studying t h e  ecosystem of t h e  
lagoon. The San Diego Gas and E l e c t r i c  Company i s  commended f o r  these  
public services  and i t s  concern f o r  maintaining the  lagoon's resources.  
Most of t h e  northern sect ion of t h e  u t i l i t y  company property i s  under 
a g r i c u l t u r a l  zoning (A-1-1), but t h e  southern por t ion  i s  zoned as  M-JA,  
l i g h t  indust ry ,  a s  i s  t h e  p r iva te  land t o  t h e  southeast  of t h e  lagoon 
( p l a t e  4 ) .  Land zoned M-1A i s  designated as  "general industry" i n  t h e  
January, 1972 revis ion of t h e  General Plan f o r  t h e  City of San Diego. 
Approximately 25 acres a t  t h e  southern end of t h e  state-owned lagoon 
property was formerly leased t o  t h e  City of San Diego f o r  use a s  a sewage 
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treatment f a c i l i t y .  However, t h i s  use  terminated with t h e  completion of 
II, t h e  new metropoli tan sewer l i n e  i n  1972. The sewage treatment f a c i l i t i e s  
have been removed and replaced by a pumping s t a t i o n  at t h e  southern end 
of t h e  lagoon. The former s i t e  of t h e  sewage treatment f a c i l i t i e s  and t h e  
adjacent lower h i l l s l o p e  have been graded and it is an t i c ipa ted  t h a t  t h i s  
manipulated a r e a  w i l l  eventually be colonized with na t ive  upland vegeta t ion.  
The land adjacent t o  Los Penasquitos Lagoon i s  undergoing rap id  t r ans -  
formation as urbanizat ion of t h e  northern San Diego a rea  proceeds. Most 
of t h e  property on t h e  slope north of t h e  lagoon (nor th  of Carmel Valley 
~ o a d )  i s  zoned f o r  low t o  medium densi ty  housing. One r e s i d e n t i a l  community, 
the  Del Mar Terrace i s  already es tabl ished.  Two condominium-type housing 
p ro jec t s  ( s e a  Point  and Sea View), covering approximately 50 a c r e s ,  w i l l  
be completed i n  1974. Proposals f o r  t h e  development of an add i t iona l  10  t o  
1 5  acres  a r e  under considerat ion by t h e  City of San Diego. Within t h e  next 
5 years ,  t h e  population of  the  immediate lagoon environs i s  expected t o  in- 
crease by a f a c t o r  of 4 t o  6 times over t h e  1972 l e v e l  of about 1,000 persons. 
The Sorrento Valley, t o  the  south,  i s  zoned f o r  indust ry  and i s  des t ined 
t o  become a regional  i n d u s t r i a l  park. The establishment of l i g h t  indust ry  
has commenced at Rheba, t o  t h e  eas t  of t h e  Santa Fe ra i l road .  In t h e  
f loodplain west of the  r a i l r o a d  and south of the  lagoon a rea ,  land f i l l i n g  
i s  proceeding rapidly  i n  an t i c ipa t ion  of fu tu re  i n d u s t r i a l  deveiopment. 
Further a f i e l d ,  housing developments have been proposed o r  are under 
construction i n  t h e  Carmel Valley and Los Penasquitos drainages. A popu- 
l a t i o n  of approximately 340,000 i s  an t i c ipa ted  i n  t h i s  region by 1985 follow- 
i n g  t h e  construction of severa l  "mini-ci t ies ."  Plans f o r  a n a t u r a l  park 
i n  t h e  f lood p la in  of t h e  Los Penasquitos drainage a r e a  e a s t  of In te r -  
s t a t e  Freeway 1-5 have been formulated by t h e  County of San Diego. Two 
m i l l i o n  d o l l a r s  haye been funded f o r  l and  a c q u i s i t i o n  and t h i s  park  probably 
w i l l  become a r e a l i t y  ( ~ a r d n e r ,  San Diego County Parks arid Recreat ion De- 
partment ,  pe r s .  corm., 1971).  The County a l s o  p lans  t o  preserve  t h e  f lood-  
p l a i n s  i n  Camel  Val ley  and t h e  ad jacent  f i n g e r  canyons as Ifgreen b e l t 1 '  
a r e a s .  The Department commends t h e  County o f  San Diego f o r  i t s  "open space' '  
p lans  f o r  t h e  Los Penasqui tos  drainage and f loodp la in .  Such p l ans  a r e  
v i t a l  t o  t h e  wel fare  of t h e  w i l d l i f e  h a b i t a t  remaining i n  both  The lagoon 
drainage bas in  and i n  t h e  county a s  a whole. 
*L Top Photo: Mudflats, salt marsh and tidal clzannels are the three most important wildlife habitats In the lagoon. 
Bottom Photo; Salt flats, another significant habitat type, are flooded only dur~ng very h ~ g h  t~des ,  or flood 
conditions. 
I 
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RESOURCES 
Habi ta t  Types 
To b e t t e r  understand wetlrnd h a b i t a t s  under t i d a l  i n f luence ,  b i o l o g i s t s  
gene ra l ly  d i v i d e  them i n t o  t h r e e  zones: t h e  marine, o r  s u b l i t t o r a l  zone, 
t h a t  a r e a  con t inua l ly  under water ;  t h e  l i t t o r a l  zone, t h a t  a r e a  s u b j e c t  t o  
t i d a l  i n f luence ;  and t h e  maritime zone, t h a t  a r e a  between t h e  upper edge 
of t h e  l i t t o r a l  zone and t h e  upland vege ta t ion .  The approximate acreages 
of major h a b i t a t s  w i th in  t h e  Los Penasqui tos  Lagoon ( p l a t e  5)  a r e :  
Marine 30 ac re s  
Channels - 30 
L i t t o r a l  155 ac re s  
T i d a l  salt marsh - 125 
Mud f l a t s  - 30 
Mar it ime 200 ac re s  
Non-tidal s a l t  marsh - 110 
S a l t  f l a t s  - 90 
To ta l  385 a c r e s  
Vegetat ion 
The p l a n t  l i f e  o f  t h e  Los Penasqui tos  Lagoon a r e a  ( ~ p p e n d i x  C )  i nc ludes  
four d i s t i n c t i v e  vege ta t ion  types :  c o a s t a l  s a l t  marsh s i t u a t e d  i n  t h e  
marine, l i t t o r a l  and maritime zones ; and, brackish  water marsh, maritime 
scrub  and chapa r ra l ,  l o c a t e d  gene ra l ly  at t h e  edge and above t h e  maritime zone. 
By f a r  t h e  most common vege ta t ion  type  i s  t h e  s a l t  marsh which 
covers an a r e a  of  approximately 235 a c r e s .  S a l t  marsh vege ta t ion  i s  adapted 
t o  pe r iod ic  inundat ion by t i d a l  water  and t o  h ighly  s a l i n e ,  poorly d ra ined  
s o i l s .  
-- 
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The f l o r i s t i c  composition of t h e  salt marsh v a r i e s  with e levat ion 
u and with proximity t o  t h e  t i d a l  creeks ( p l a t e  6 ) .  The lowest l e v e l  of  t h e  
marsh type (marine zone) i s  sparse ly  colonized by submergent aquat ic  p l a n t s ,  
mainly widgeon g rass  (Buppia) and a filamentous green a lgae  (~nteromorpha) .
The occurrence of both  these  species i s  seasonal ,  Ruppia appearing i n  e a r l y  
spr ing and Enteromorpha i n  summer. While abundance v a r i e s  from year  t o  yea r ,  
i n  most recent  years t h e  submergent vegetat ion has been poorly developed. 
Between t h e  mean higher high water t i d e  l e v e l  (MHHW) and t h e  upper l i m i t  
of t i d a l  inundation (EHW), t h e  salt marsh vegetat ion i s  dominated by perennial  
pickleweed (SaZicomia v i r g i n i c a )  and t o  a l e s s e r  ex ten t ,  a l k a l i  heath 
( ~ r m k e n i a ) .  In t h e  upper reaches of t i d a l  influence and beyond, pickle-  
weed i s  in terspersed wi th  salt grass  (Dist ichZis ) , s e a  lavender ( ~ i m o n i m  ) , 
and a v a r i e t y  of o ther  sa l t - to le ran t  species.  Fringing t h e  extreme upper 
edge of t h e  t ide lands  i s  a zone of  vegetat ion dominated by glasswort (SaZi- 
c o m i a  subteminaZis  ) ; t h i s  low-growing shrub i s  a l so  t h e  predominant species  
i n  t h e  v i c i n i t y  of t h e  bare salt f l a t s  t o  t h e  southeast  of t h e  ra i l road .  
Also common i n  t h i s  salt f l a t  a rea  following good winter  r a i n s  i s  t h e  s a l t  
marsh daisy  asthenia gZabrata) an a t t r a c t i v e  annual which i s  very r a r e  
i n  southern Cal i fornia .  
Small areas  ( l e s s  than 10 ac res )  of brackish water marsh occur where 
f r e s h  water from t h e  Soledad Canyon and Camel Valley Creeks mingles with 
t h e  s a l i n e  t i d a l  water.  This vegetat ion type i s  characterized by t h e  pre- 
sence of c a t t a i l s  ( ~ y p h a ) ,  severa l  species of rushes ( ~ w z c u s )  and bulrushes 
(Sci rpus) .  In  t h e  l e s s  s a l i n e  areas upstream, t h i c k e t s  of arroyo willows 
(SaZix) occur. Brackish water vegetat ion i s  expected t o  decrease i n  extent  
as  a r e s u l t  o f  t h e  cessat ion of sewage e f f l u e n t  discharge. 
A 
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The coas ta l  wetlands; i . e .  lagoons, bays, e s t u a r i e s ,  are 
an i n t e g r a l  pa r t  of t h e  coas ta l  migration rou te ,  by which mi l l ions  of water- 
fowl, shorebirds and other  water-associated b i r d s  f l y  between t h e i r  breed- 
ing  grounds located  p r inc ipa l ly  i n  Canada and Alaska and t h e i r  wintering 
grounds i n  Cal i fornia  and Mexico. Hence t h e  most conspicuous w i l d l i f e  i n  
Los Penasquitos Lagoon are  those migratory b i r d  populations t h a t  frequent 
t h e  lagoon, general ly between August and May. 
Sixty-eight species of water-associated b i rds  have been l i s t e d  f o r  Los Pen- 
asquitos Lagoon ( ~ p p e n d i x  D ) . Censuses of waterfowl and shorebird popula- 
t i o n s  were conducted i n  1966-67 and again i n  1970. Members of t h e  Audubon 
Society conducted t h e  1966 survey a t  two-week i n t e r v a l s  between August, 
1966 and September, 1967 (~radshaw,  1968) . Peak populations of 1,700 and 
1,200 b i r d s  were t a l l i e d  i n  l a t e  October and ea r ly  Apr i l ,  r e spec t ive ly  
( p l a t e  7 )  . F a l l  and spring migration pa t t e rns  are  normal and wel l  
documented. The San Diego F ie ld  Ornithologists  1970 survey recorded 47 species 
and a peak population number of 1632, however t h e i r  survey was conducted 
in Los Penasquitos Lagoon only between January and Apri l   an Diego F i e l d  
Orni thologis ts ,  unpubl. da ta ,  pers.  comm.). 
Thirteen species of  waterfowl, including s ight ings  of black brant  
and whis t l ing  swans have been observed i n  t h e  lagoon. Surface feeding 
o r  dabbling ducks a re  t h e  most prevalent;  t h e  p i n t a i l ,  shoveler ,  green- 
winged and cinnamon t e a l  t h e  most common. However, diving ducks a l s o  have 
been observed i n  f a i r  numbers, p a r t i c u l a r l y  the  ruddy duck, scaup and buff le-  
head. Coots, t h e  common mud hen, o f t en  included i n  t h e  waterfowl category, 
although ac tua l ly  i n  the  rail family, a re  q u i t e  prevalent  i n  t h e  lagoon during 
t h e  migratory period. 
Shorebirds  account f o r  t h e  major p o r t i o n  o f  t h e  migr-atory b i r d  popula- 
t i o n  observed i n  t h e  lagoon,  both i n  t o t a l  numbers and kind of  spec i e s .  
The most commonly observed a r e  p love r s ,  w i l l i t s ,  dowitchers ,  sandpipers ,  
avoce ts ,  black-necked s t i l t s ,  godwits and k i l l d e e r s .  
Los Penasqui tos  Lagoon i s  one of 1 9  known n e s t i n g  s i t e s  o f  t h e  l e a s t  
t e r n .  This  uncommon t e r n  i s  l i s t e d  a s  one of C a l i f o r n i a ' s  endangered spec i e s  
( ~ e p t .  F i s h  and G m e ,  1974) .  Ten p a i r s  of l e a s t  t e r n s  were recorded i n  t h e  
lagoon i n  1969 ( c r a i g ,  1971) and f o u r  yea r s  l a t e r  t h e  number o f  n e s t i n g  p a i r s  
increased  t o  f i f t e e n  ( ~ e n d e r ,  1973).  Main n e s t i n g  a c t i v i t y  i n  1973 occurred  on 
a s a l t f l a x  i n  t h e  middle of ex tens ive  marsh vege ta t ion  where t h e  a r e a  i s  
well-protected by t i d a l  channels and t h e  only access  i s  a long  t h e  r a i l r o a d  
right-of-way. S i x  n e s t s  were found i n  1973. S o c i a l  f l ock ing  a r e a s  f o r  t h e  
l e a s t  t e r n  a r e  l o c a t e d  on sandbars j u s t  i n l a n d  o f  t h e  Pacj f i e  Coast Highway 
o r  nea r  t h e  parking l o t  f o r  t h e  Torrey P ines  Beach. Humrn d i s turbance  may 
have prevented nesting a t tempts  a t  t h e s e  l a t t e r  l o c a t i o n s  and n e s t i n g  s i t e s  
recorded by Craig i n  1971 a longs ide  a d i r t  road  and nearby salt f l a t s  were 
mused by t h e  l e a s t  t e r n s  i n  1.973 ( ~ e n d e r ,  1973).  Carefu l  p r o t e c t i o n  and 
management o f  t h e  p r e f e r r e d  l e a s t  t e r n  n e s t i n g  s i t e s  would probably main ta in  
o r  i nc rease  t h e  populat ion of t h e s e  endangered b i r d s .  
Other t e r n s  observed i n  t h e  lagoon a r e  t h e  r o y a l ,  Caspian, e legant  
and Fors te r ' s  t e r n s .  Gu l l s ,  a s  w e l l  a s  o t h e r  water -assoc ia ted  b i r d s  such 
a s  the herons, e g r e t s ,  g rebes ,  cormorants and l o o n s ,  a r e  a l s o  seen about t h e  
lagoon and i t s  environs.  
The r e s i d e n t  b i r d  popula t ion  i s  much sma l l e r  than t h e  migratory popula- 
t i o n ,  bu t  equa l ly  important t o  t h e  ecology o f  t h e  lagoon,  and inc lude  
s e v e r a l  spec t acu la r  o r  uncommon b i r d  spec i e s .  The g r e a t  b l u e  heron,  and t h e  
black-crowned n ight  heron a r e  a common s i g h t ,  b u t  two r e s i d e n t s  a r e  
IP Los Penasquitos Lagoon is one of the few places where the light-footed clapper rail (top photo) and least tern nest 
successfully. Bo-th are listed as endangered species by the Department. 
I 
Department of Fish and Game Photos by Herbert Clarke and Barbara Massey. 
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among t h e  list of Cal i fornia ts  endangered speci.es; one a member of t he  rail  
family, the  light-footed clapper rai l ,  and t he  other  t h e  Belding savannsh II 
sparrow. Los Penasquitos Lagoon i s  one of t he  few coas ta l  wetlands s i t e s  where 
the  light-footed clapper f a i l  i s  known t o  res ide  and nes t .  This r a i l  i s  
t o t a l l y  dependent upon s a l t  marsh vegetation fo r  i t s  existence.  !I?he sora  
and Virginia r a i l s  a l so  have been recorded i n  t h e  lagoon, as they migrate 
south from t h e  northern extension of t h e i r  ranges. 
The Belding savannah sparrow while c l a s s i f i ed  as a passerine b i r d  
a l so  may be c l a s s i f i ed  a s  a water-associated b i r d ,  since it i s  dependent 
upon pickleweed dominated vegetation fo r  i t s  specia l ized hab i ta t  require- 
P 
ments. Los Penasquitos i s  one of eleven known nesting s i t e s  f o r  t h i s  i n t e r -  
e s t  ing endangered sparrow. Bradley (1973 ) censused 160 singing males, II 
which i s  estimated t o  be f i f t e e n  percent of t h e  s t a t e ' s  t c l t a l .  The white- 
- 
t a i l e d  k i t e ,  a r a r e  but not endangered species of hawk a l so  nests  i n  the  lagoon, 
a t  t he  southern extension of t he  marsh area.  
S* 
Although no counts a r e  made f o r  t e r r e s t r i a l  b i rd s ,  t he  open space, 
environs and watershed of Los Penasquitos Lagoon i s  very important hab i ta t  118 
fo r  upland types of b i rds .  The most commonly observed a re  t h e  western 
meadowlark, red-winged blackbird and t h e  marsh hawk. 
I;os Penasquitos Lagoon a l so  a t t r a c t s  approximately 20 species of mammals 
I 
(Appendix E). Most of t h e  mammals res ide  i n  t h e  upland brush f r inging t h e  
lagoon and a re  not dependent en t i r e ly  on t he  marshland for  t h e i r  existence.  m 
Several conspicuous species,  however, such as  mule deer ,  racoons, bobcats, 
0. 
skunks and rabb i t s ,  forage regular ly  i n  t h e  salt marsh and brackish water 
marsh areas which probably provide important feeding areas during t h e  dry 
season. 
Fish and S h e l l f i s h  
A t o t a l  of 21 species of f i s h  has been recorded from t h e  lagoon channels 
( ~ p p e n d i x  P ) .  The most common f i s h  a r e  bay topsmelt and k i l l i f i s h ,  hun- 
dreds of which may be co l l ec ted  i n  se ine  samples. Two important s p o r t f i s h ,  
t h e  Cal i fornia  hal ibut  (young) and diamond t u r b o t ,  a s  wel l  as  t h e  commerci- 
a l l y  important staghorn sculpin a re  f a i r l y  common. These f i s h  breed i n  t h e  
inshore ocean waters and appear t o  e n t e r  t h e  she l t e red  lagoon a s  f inger l ings  
which l a t e r  r e tu rn  t o  t h e  ocean when they have reached a length  of  approxi- 
mately s i x  inches.  Thus, the  lagoon provides an important nursery ground 
f o r  some species ,  furnishing young f i s h  wi th  an abundance of  food and pro- 
t e c t i o n  from l a r g e r  predatory f i s h .  
Resident f i s h  include t h e  Cal i fornia  mudsucker, an important b a i t  
species ;  t h e  opaleye perch; arrow gobies; ax~d t h e  culous l i t t l e  p ipe f i sh ,  
a r e l a t i v e  of t h e  seahorse. Mullet abound i n  t h e  slough during t h e  summer 
months and Ca l i fo rn ia  corbina, anchovies and queenfish a r e  occasional  v i s i t o r s .  
A l l  of t h e  above-mentioned f i s h  species can t o l e r a t e  s a l i n i t i e s  as high 
as  o r  higher than sea  water. The only species occurring i n  t h e  brackish and 
f r e s h  water areas  of t h e  lagoon i s  t h e  mosquito f i s h  which has been i n t r o -  
duced t o  con t ro l  aquatic insec t  populations. 
P r i o r  t o  t h e  opening of  the  lagoon mouth i n  1967, no marine s h e l l f i s h  
ex i s t ed  i n  t h e  Los Penasquitos Lagoon ( ~ i l l e r ,  1966). However, within a 
year a f t e r  t i d a l  exchange had been es tab l i shed ,  20 species  of s h e l l f i s h  ( ~ p p e n d i x  G )  
were recorded i n  t h e  lagoon. The rough-necked piddock became es tab l i shed  
i n  1969 i n  t h e  mudflats of t h e  eas te rn  channel i n  such l a r g e  numbers t h a t  
a commercial clam digger began t o  operate i n  t h a t  area .  
The most conspicuous of t h e  s h e l l f i s h  present ly  found i n  t h e  lagoon 
a re  mudcrabs and shorecrabs which abound on t h e  banks of  t h e  channels. 
Seve ra l  spec i e s  of clams i n h a b i t  t h e  muddy creek bottoms, t h e  most common 
be ing  t h e  bent-nosed clam, t h e  egg-shel l  cockle  and t h e  fo lded  rock venus. 
The burrowing ghost shrimp and t h e  f i d d l e r  c r ab  have a l s o  become common s p e c i e s  
throughout most o f  t h e  t i d a l  channels .  Small popula t ions  o f  mussels and rock 
o y s t e r s  a r e  conspicuous where rocks o r  p i l i n g s  provide s u i t a b l e  at tachment  
s i t e s  f o r  t h e  l a r v a e .  Many s m a l l  burrowing worms occur  i n  t h e  mudf l a t s ,  
providfng an important source o f  food f o r  sho reb i rds .  
Ecology 
The primary va lue  of t h e  Los Penasqui tos  Lagoon ecosystem i s  t h a t  it 
provides feeding  and r e s t i n g  a r e a s  f o r  migra tory  waterfowl.. and sho reb i rds ,  
and n e s t i n g  and feeding  ha.bi ta t  f o r  r e s i d e n t  b i r d s .  The lagoon a l s o  provides  
spgwning and/or nu r se ry  grounds f o r  a v a r i e t y  o f  esi;ua?:.ine and .inshore f i s h  
<and s u l t a b l e  h a b i t a t  f o r  clams, burrowing shrimp and o t h e r  i n v e r t e b r a t e  
orga.r.lisris , 
The h igh  b io logj -ea l  p r o d u c t i v i t y  of -the lagoon,  making it a . t t rac t i .ve  
feeding  and n e s t i n g  h a b i t a t ,  i s  due t o  t h e  abundance of salt  marsh vege ta t ion  
and t h e  microscopic aqua t i c  p l a n t  l i f e  (p l~ytoplankton)  of t l ie lagoon w - t  a e r s .  
S a l t  marsh pl-ants  produce a l a r g e  mount of  organic  d e b r i s ,  The d e b r i s  
i s washed i n  to  t h e  channel-mudfla% system and, during bac-l;t?rj al ?3re:.&&own, 
becomes food f o r  a wide v a r i e t y  of i n v e r t e b r a t e  organisnls ~~fhl .ch a r e  o-f great 
value  t o  'w i ld l i f e .  These i n v e r t e b r a t e s  inc lude  mol.lusks, i n s e c t s ,  shrimp, 
c rabs  a d  annel ids  (marine worms). Between l a t e  f a l l  and. sprixzg, r~unerous 
sho reb i rds  appear on t l ie  mudflats  and ad jacent  a r e a s  t o  t a k e  advantage of  
t h e  i n v e r t e b r a t e  food source .  
Waterfowl n e s t  near  t h e  channel waters  and d ive  o r  dabble f o r  food i n  
t l ie  muddy creek bottoms. Some migrants ,  such as t e ~ i i s  and p e l i c a n s ,  f eed  
I Top Photo: Salt marsh, comprised principally of pickleweed vegetation is important wetland habitat and should 
be protected wherever it remains. 
a 
Department of Fish and Game Photo, Marc11 1974 
Bottom Photo: The endangered light-footed rail depends entirely upon pickleweed salt mars11 for existence. 
Photo by Jesse La Grange, July 1971 -43- 
on small f i s h  t h a t  a r e  a t t r a c t e d  t o  t h e  lagoon by t h e  abundance of  i nve r t e -  
b r a t e  l i f e .  
The s a l t  marsh h a b i t a t  i s  a l s o  of c r i t i c a l  importance t o  a v a r i e t y  of 
b i r d s  which r e q u i r e  s p e c i a l i z e d  h a b i t a t  and r e s i d e  i n  t h e  vege ta t ion  border- 
i n g  t h e  channels.  These b i r d s  inc lude  t h e  l i gh t - foo ted  c lapper  rai l  and t h e  
Beldings savannah sparrow, now i n  danger of  e x t i n c t i o n  a s  a r e s u l t  of t h e  
r e s t r i c t i o n  of  t h i s  t ype  of h a b i t a t .  
Some spec i e s  o f  r e s i d e n t  e s t u a r i n e  f i s h ,  such a s  t h e  mudsucker +md t h e  
p i p e f i s h ,  a l s o  a r e  becoming sca rce  because o f  t h e  e l imina t ion  o r  lagoon habi -  
t a t .  While ex tens ive  s t u d i e s  have no t  been made t o  determine t h e  s i g n i f i -  
cance o f  t h e  c o a s t a l  wetlands t o  migratory f i s h  such as h a l i b u t  and t u r b o t ,  
t h e  use of t h e  lagoons,  bays and e s t u a r i e s  a s  nursery  grounds f o r  tl.lese f i s h  
i n d i c a t e s  t h a t  t h e i r  popula t ion  numbers could  be  adverse ly  a f f e c t e d  by t h e  
e l imina t ion  of t h e s e  types  of h a b i t a t s .  
The most important f a c t o r  c o n t r i b u t i n g  t o  t h e  maintenance cf a hea l thy  
lagoon environment i s  unquest ionably t h e  presence of  good t i d a l  f l u sh ing .  
The impor-taice of  t i d a l  water  exchange i s  w e l l - i l l u s t r a t e d  by comp8,ring 
t h e  ecol.ogy of t h e  Los Penasqui tos  Lagoon be fo re  and a f t e r  t h e  opening of  t h e  
lagoon mouth i n  1967. I n  1966, only f i v e  hardy spec i e s  of  f i s h  i n h a b i t e d  
t h e  lagoon and no s h e l l f i s h  were p re sen t .  Within a y e a r  a f t e r  t h e  removal 
of t h e  sand b a r ,  20 spec i e s  of  i n v e r t e b r a t e s  and 6 a d d i t i o n a l  f i s h  spec i e s  
were recorded.  Addi t iona l  spec i e s  of aqua t i c  organisms co lonized  t h e  lagoon 
-the fol lowing y e a r ,  and t h e  t o t a l  number o f  f i s h  spec i e s  i nc reased  t o  21. 
By t h e  win te r  of 1969, however, enlargement of  t h e  sandbar at t h e  mouth o f  
t h e  lagoon had smothered s e v e r a l  clam beds and r e s u l t e d  i n  a decrease i n  
t h e  number o f  migratory marine organisms. Closure of  t h e  lagoon ' s  mouth, 
accumulation of  sewage and r a i n  water  c r ea t ed  condi t ions  t h a t  l e d  -to ex t ens ive  w 
fish kills and the elimination of some shellfish species. Although some 
recovery of marine aquatic life has occurred following restorations of 
tidal action, it is apparent that the inability to maintain a permanent 
opening to the sea is detrimental to the establishment of a rich lagoon 
fauna . 
Top Photo: When the entrance channel is closed, heavy winter rains may flood the lagoon to the three-foot 
contour level or higher. 
Bottom Photo: Pockets of saline water offer the only temporary refuge for marine organisms trapped by fresh 
water flooding. 
Photos by Jeffe La Grange, March 1970 
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RESOURCE USES 
Past and present use of t he  na tura l  resources of Los Penasquitos 
Lagoon primarily has been recreat ional ,  s c i e n t i f i c  and educational. Los 
Penasquitos Lagoon a l so  has served as  one of the  "open spaces" t h a t  charac- 
t e r i z e  San Diego County and make it so a t t r a c t i v e  t o  res iden ts  and t o u r i s t s  
a l ike .  
A t  one time l imi ted commercial use of t he  lagoon exis ted i n  t he  form 
of harvesting s h e l l f i s h  on the  mudflats and using t h e  lagoon waters as a 
disposal area  f o r  t r e a t ed  sewage e f f luen t .  However, pressure from l o c a l  
res idents  who decried t h e  physical and aes the t ic  a l t e r a t i on  of t h e  mudflats 
put an end t o  t he  commercial she l l f i sh  harvest and completion i n  1972 of t he  
Metropolitan sewage l i n e  terminated sewage disposal  i n to  t h e  lagoon. 
Sportf ishing near t he  entrance of t he  lagoon i s  a f a i r l y  popular week- 
end a c t i v i t y  but hunting i n  the  lagoon has been precluded f o r  sometime by 
l o c a l  firearms closures and S ta te  Reserve regulations.  
Nature Study, Bird Matching and Photography 
Approximately 200 v i s i t o r s ,  members of t he  San Diego Natural History 
Society and/or t he  Audubon Society, use t he  lagoon per iodical ly  throughout 
' the  year fo r  nature study and bird-watching; and a smaller number of l o c a l  
res idents  regularly v i s i t  the  lagoon for  the same purposes. 
A much wider general appreciation of the  w i ld l i f e  and ae s the t i c  values 
of t he  lagoon i s  evident from the  f a c t  t h a t  as many a s  250 nearby res idents  
have turned out at  times t o  d ig  a channel through t he  sand bar  at t he  mouth 
of t he  lagoon. Similarly,  t he  b i r d l i f e  and picturesque view of the  lagoon 
i s  appreciated by a much la rger  audience than ac tua l ly  v i s i t  t he  lagoon. 
Most v i s i t o r s  on t he  Guy Fleming T ra i l  of t he  Torrey Pines S t a t e  Reserve 
1 Top and 
1 Bottom Photos: The Torrey Pines State Beach and Reserve offer much recreational opportunity. 
1 Department of Fish and Game Photos, March 1974 
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pause a t  an overlook s i t e  t o  admire t h e  lagoon; v i s i t o r  attendance during t h e  
f i s c a l  year  1972-73 at t h e  S t a t e  Reserve and Beach was approximately 666,000 
people ( ~ e p t  . Parks and Recreation, 1973 1. The public demand f o r  scenic  
n a t u r a l  v i s t a s  a l s o  i s  r e f l ec ted  i n  t h e  f a c t  t h a t  all of t h e  f i r s t  housing 
u n i t  i n  t h e  Sea View development on t h e  slope nor th  of t h e  lagoon were so ld  
within two weeks ( ~ a l d w i n ,  Baldwin Construction Co., pers .  comm., 1972).  
Boating, Fishing and Clamming 
Boating i n  t h e  lagoon i s  more o r  l e s s  confined t o  canoes and row- 
boa t s  due t o  r e s t r i c t i o n s  on t h e  use of motor-powered boats  i n  t h e  Reserve. 
An average of two t o  t h r e e  s m a l l  boating p a r t i e s  use t h e  lagoon each weekend; 
a c t i v i t y  increases  during t h e  summer months. 
The r a i l r o a d  t r e s t l e  and t h e  highway bridge a t t r a c t  a small number of 
fishermen throughout t h e  year ,  with a c t i v i t y  increas ing t o  approximately 
20 persons per day on weekends during summer. The bes t  catches a r e  made 
a t  t h e  lagoon entrance where s i zab le  f l a t f i s h  and o the r  s p o r t f i s h  a r e  ob- 
t a ined .  Mussels from t h e  lagoon f requent ly  a re  used as b a i t .  
Clamming i s  confined mostly t o  casual  picking from t h e  sandbar and mud- 
f l a t s  near t h e  lagoon entrance. Both f i sh ing  and clamming success a re  
highly dependent on t h e  maintenance of t h e  t i d a l  ebb and flow i n  t h e  lagoon. 
Picnicking 
Most picnicking i s  confined t o  t h e  s m a l l  beach near t h e  entrance of 
t h e  lagoon where restroom f a c i l i t i e s  a r e  avai lable .  Tables and f i r e  r ings  
a r e  not provided. However, the  comparatively warm, calm water of t h e  shallow 
lagoon entrance and t h e  wind protec t ion provided by t h e  highway and parking 
l o t  embankments a t t r a c t  famil ies  with young children.  During summer, an 
approximate average of 200 persons per week use t h i s  beach a rea  i n s i d e  t h e  
UB 
lagoon. There i s  a much g r e a t e r  p o t e n t i a l  f o r  picnicking use ,  but  t h i s  
a c t i v i t y  has been discouraged by t h e  l ack  of  provision of  l i f e g u a r d  protec-  LP 
t i o n  and p icn ic  f a c i l i t i e s ;  and, previously,  by t h e  post ing of  po l lu t ion  
warnings a t  t h e  lagoon mouth. However, t h i s  form of r e c r e a t i o n a l  use w i l l  
have t o  be resolved with t h e  importance of t h e  same type of lagoon a r e a  
t o  t h e  endangered l e a s t  t e r n .  
S c i e n t i f i c  and Educational Uses 
The s c i e n t i f i c  i n t e r e s t  i n  t h e  ecology of t h e  Los Penasquitos Lagoon 
i s  we l l  a t t e s t e d  by t h e  in tens ive  s tud ies  o f  D r .  John S. Bradshaw, Univers i ty  
of S a n  Diego (1968),  D r .  Lars Carpelan, Univers i ty  o f  Ca l i fo rn ia ,  Riverside pJ 
(1960, 1961) and Jacqueline M i l l e r ,  Universi ty of Cal i fornia ,  Los h g e l e s  
U 
(1956). In  f a c t ,  u n t i l  r ecen t ly ,  Los Penasquitos Lagoon was t h e  bes t  documented 
c o a s t a l  vet1m.d i n  southern Ca l i fo rn ia .  
U 
Since 1967, considerable use has been made o f  t h e  lagoon f o r  t h e  research  
and education of l o c a l  col lege  s tudents .  The continuing eco log ica l  s t u d i e s  IS 
of D r .  i3radshaw h a - e  involved about 20 undergraduate s tude~nts  per  yea r  i n  
a sampling program conducted a t  approximately 6-month i n t e r v a l s .  Several- 
groups of c?,pproxj.ma-tely 25 s tudents  from San Diego S t a t e  Uni~j.ersi.-ty v i s i t  
- 
t h e  lagoon each year .  A number of s tud ies  a re  i n  process o r  have beein c s r r i e d  
out by graduate s tudents  and s t a f f  a t  Scripps I n s t i t u t i o n  of  Ocea~nogr&phy, IY 
These s tud ies  include : 
I. Inves t iga t ion  of nu t r i en t  l e v e l s  i n  t h e  lagoon waters (~ra.dsLa~r 
and Mudie, 1972 ) . 
I 
2. Study of t h e  sediment t r anspor t  and deposi t ion at t h e  lagoon mouth 
( ~ a r i g  , 1970). 
3. S a l t  marsh vegeta t ion  s a l i n i t y  to le rances  and requirements (Mudie, 
i n  p repara t ion) .  
4. The autecology of t h e  salt marsh da i sy  (Casthenia gZabrata sub- 
spec i e s  CouZte&] (Mudie and R a d l o w  , i n  p repa ra t ion  ) . 
5. I n v e s t i g a t i o n  of  t h e  d i s t r i b u t i o n  and t r o p h i c  r e l a t i o n s h i p s  o f  la- 
goon zooplankton [peter  S e r t i c  , Food Chain Research ~ r o u p )  . 
6. The r e c e n t  h i s t o r y  o f  t h e  lagoon: t h e  p a s t  1,000 yea r s  ( ~ r o f e s s o r  
John I s a a c s ,  Marine L i f e  Research ~ r o u p ) .  
7. The wave c l imate  o f f  t h e  Torrey Pines S t a t e  Beach ( ~ r  . Charles  
Nordstrom, Shore l ine  Processes  ~ a b o r a t o r y ) .  
Other short-term s c i e n t i f i c  s t u d i e s  t h a t  have been at l e a s t  p a r t i a l l y  
based on Los Penasqui tos  Lagoon inc lude  surveys of  t h e  breeding  h a b i t s  
of t h e  least t e r n  ( ~ o n ~ h u r s t ,  1969; Craig,  1971; Bender, 19731, an i n v e s t i -  
g a t i o n  of  t h e  oxygen l e v e l s  i n  t h e  salt  marsh s o i l  ( ~ u d i e ,  1970) and a s tudy  
of  t h e  ben th i c  fauna i n  two lagoon channels (NSF Student  Tra in ing  Program, 
Summer 1972) .  Curren t ly ,  a b i r d  popula t ion  and n e s t i n g  s tudy  i s  be ing  c a r r i e d  
ou.t by a graduate  s tudent  from t h e  Department of  Biology at San Diego 
S t a t e  Un ive r s i t y ,  and an i n t e r d i s c i p l i n a r y  course i n  environmental eva lua t ion  
and management planning f o r  Los Penasqui tos  Lagoon i s  be ing  conducted by 
Drs. Charles Cooper and Joy Zelder  a t  t h e  S t a t e  Univers i ty .  
Less u s e  has been made o f  t h e  lagoon by l o c a l  primary and secondary 
schools ,  due p a r t i a l l y  t o  t h e  f a c t  t h a t  at p re sen t  only one h igh  school  and 
one jun io r  h igh  a r e  l o c a t e d  wi th in  a ten-mile r ad ius  o f  t h e  lagoon and 
p a r t i a l l y  t o  t h e  u n a v a i l a b i l i t y  of i n t e r p r e t i v e  s e r v i c e s .  I n  1970, approxi- 
mately 300 school  ch i ld ren  v i s i t e d  t h e  lagoon on school-sponsored f i e l d  
t r i p s .  With t h e  p red ic t ed  inc rease  i n  t h e  popula t ion  of  North San Diego 
Ci ty  (340,000 by 1985) ,  s tudent  u s e  w i l l  undoubtedly i n c r e a s e  d rama t i ca l ly .  
Top Photo: Salt Flats dominate the upper part of the lagoon. The lowlands 011 the far side of the tracks are 
owned by San Diego Gas and Electric. 
Bottom Photo: The railroad and highway bridges are formidable barriers to free-flowing tidal circulation into the 
lagoon. 
Depariment of Fish and Game Photos, March 1974 
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PROBLEMS AND USE CONFLICTS 
Considering t h a t  Los Penasquitos Lagoon i s  adjacent t o  areas  of l a r g e  
human populat ions,  and projec t ions  f o r  population numbers a r e  ever-upward, 
t h e  lagoon i s  threa tened by r e l a t i v e l y  few problems o r  c o n f l i c t s  of use. 
However, those few a r e  c r i t i c a l  and need immediate a t t e n t i o n  o r  so lu t ion .  
Bas ica l ly  they f a l l  under t h e  general  ca tegor ies  of t i d a l  
f lushing o r  c i r c u l a t i o n ;  urban and i n d u s t r i a l  development i n  t h e  lagoon 
and i t s  watershed; sedimentation and po l lu t ion  i n  i t s  waters ;  and a genera l  
l a c k  of coordinated management e f f o r t s .  Some of these  problems and c o n f l i c t s  
a r e  i n t e r r e l a t e d  and ac t ions  taken t o  solve one w i l l  in f luence  t h e  so lu t ion  
of another. 
Lagoon Entrance Maintenance 
Probably t h e  .most important problem e x i s t i n g  i n  t h e  Los Penasquitos 
Lagoon today i s  a l a c k  of adequate t i d a l  f lush ing  o r  c i r c u l a t i o n .  The v i t a l i t y  
and sus-tenance of e s tua r ine  and lagoon ecosystems depends upon adequate 
c i r c u l a t i o n  of  t h e i r  genera l ly  nu t r i en t - r i ch  waters .  The reproduction and 
development of  e x i s t i n g  f i s h ,  s h e l l f i s h  and o the r  inve r t eb ra te  populat ions,  
upon which t h e  res ident  and migrant w i l d l i f e  depend f o r  food i s  suppressed 
hy inadequate t i d a l  f lushing.  
Stagnant lagoon waters a l s o  c rea te  problems with mosquitoes. Mosquito 
l a rvae  t h r i v e  i n  s t a t i c ,  nut r ient - r ich  waters .  When f r e s h  o r  brackish water  
i s  empounded, c e r t a i n  types of mosquitoes, capable of  t r ansmi t t ing  d isease ,  
can breed i n  t h e  lagoon. When t h e  empounded water becomes s a l i n e ,  t h e  salt 
water mosquito, xhich i s  a nuisance, but  not a hea l th  hazard, may reproduce 
i n  l a r g e  numbers. In  t h e  p a s t ,  t h e  s tagnantwaters  have a l s o  
been responsible f o r  object ionable odors, Hence, t h e r e  i s  a d e f i n i t e  need 
t o  c rea te  and maintain a permanent opening from t h e  lagoon t o  t h e  ocean. 
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Experieiice has shown t h a t  reproduction and expansion of inver te-  
b r a t e  populations aye encouraged by a s t a b l e ,  s a l i n e  lagoon environment 
with good c i rcu la t ion .  And, f i s h  a re  a t t r a c t e d  t o  she l t e red ,  food producing 
lagoons wi th  access from t h e  sea. However, t r u e  es tua r ine  conditions crea ted  by 
a permanent opening might change t h e  type of waterfowl using t h e  lagoon. 
Surface feeding, o r  dabbling, ducks t h a t  a r e  more dependent upon f r e s h  
o r  bracklah water ?regetation f o r  food and nes t ing requirements probably 
would be ~ e p l a c e d  by diving ducks and other  marine-oriented b i rds .  
F ina l ly ,  increased t i d a l  c i rcu la t ion  a l s o  would s u b s t a n t i a l l y  
d i l u t e  run-ofP from surrounding urban and i n d u s t r i a l  a reas ,  hence reducing 
t h e  po l lu t ion  problems t h a t  might occur. 
I n  theory,  a lagoon w i l l  s t ay  open i f  t h e  t i d a l  prism i s  l a r g e  enough 
t o  produce s u f f i c i e n t  i n l e t  channel flow t o  prevent deposit ion of sand a t  
t h e  mouth (county of San Diego Environmental Task Force, 1970) . The t i d a l  
prism i n  Los Penasquitos Lagoon i s  not l a r g e  enough t o  keep t h e  mouth 
open permanently under e x i s t i n g  condit ions.  Half of t h e  o r i g i n a l  t i d a l  
volume of t h e  lagoon has been l o s t  s ince  1925 due t o  var ious  construction 
p ro jec t s .  To compound t h e  problem a s u b s t a n t i a l  port ion of t h e  present  
volume i s  trapped behind a cobble s i l l  ( P l a t e  8 ) which has b u i l t  up i n  
the  i n l e t  channel. The s i l l  i s  posi t ioned at mean s e a  l e v e l  preventing 
water below t h a t  e levat ion i n  t h e  lagoon from draining during a t i d a l  
cycle ( ~ a r i g ,  1970). Without t h e  s i l l  t h e  channel would n a t u r a l l y  lower 
i t s e l f  another 2-1/2 f e e t  t o  mean lower low water, adding an est imated 
40 - 60 acre  f e e t  t o  t h e  t i d a l  prism. 
The Department of Parks and Recreation has been pr imar i ly  responsible  
f o r  maintaining t h e  open lagoon entrance over t h e  pas t  5 years .  Unt i l  
1972, t h e  inflow of sewage e f f luen t  (1 mi l l ion  g a l l o n s / d q )  a s s i s t e d  mech- 
an ica l  e f f o r t s  i n  keeping the  mouth open. The use of l i g h t  e a r t h  moving 
equipment has been s a t i s f a c t o r y  i n  t h i s  e f for t .  Howwer the cessation 
of sewage eff luent  has no doubt increased t h e  d i f f i c u l t y  i n  keeping t h e  
mouth open. And, it i s  evident t h a t  t h e r e  has been a ne t  accumulation 
of sand ins ide  t h e  lagoon f u r t h e r  reducing t h e  t i d a l  prism. 
Nany methods have been suggested f o r  const ruct ing and maintaining 
a permanent opening t o  t h e  sea. Removal of t h e  cobble si l l1 by dragl ine  
has been suggested as one of t h e  most f e a s i b l e  and economical methods ( ~ a r i g ,  
1970). Tluidiza t ion i s  another method, although t h i s  technique is  s t i l l  
a t  t h e  experimental s tage .  Fluidiza t ion cons i s t s  of we,tei. pumped through 
a perfora ted  pipe bur ied  a t  a depth of  about t h r e e  f e e t .  The sand above 
t h e  pipe becomes f l u i d i z e d  by t h e  up-rushing water ,  taking on t h e  v i s c o s i t y  
of  t h e  t h i c k  f l u i d ,  and i s  removed from t h e  lagoon mouth by out-going 
t i d e .  The p o s s i b i l i t y  t h a t  t h e  water rushing through t h e  pipe n igh t  cause 
t h e  pipe t o  become buried too deeply i n  t h e  sand needs fm-ther inves t i -  
gat ion (Lowes and Kenward, 1970). Nearby Scripps I n s t i t u t i o n  oP Ocea~o- 
graphy has expressed an i n t e r e s t  i n  experimenting with t h i s  method and 
c a r q i n g  out  f i e l d  t e s t s  i n  Los Penasqultos Lagoon. 
O t h e ~  methods of opening lagoons a r e  under study. A se l f - f lushing 
j e t t y  system whereby wave energy f lushes  out  t h e  i n l e t  has been built 
and t e s t e d  successful ly  i n  Nova Scot ia .  I n  t h i s  l a t t e r  method a ves t ibu le  
i s  formed by two Y-shaped j e t t y s  constructed fac ing each o the r  i n  a lagoon 
entrance. Sand, a f t e r  being deposited i n  t h e  ou te r  port ion,  i s  c a r r i e d  
out t o  sea  by bottom currents  (county of San Diego Environmental Task 
Yorce, 1970). 
The lagoon entrance a l s o  could be kept open by means of a conventional 
j e t t y  constructed a t  r i g h t  angles t o  t h e  beach. However, t h i s  and any 
other  method t h a t  would s i g n i f i c a n t l y  a l t e r  t h e  d i s t r i b u t i o n  of sand on 
t h e  Torrey Pines S t a t e  Beach, should not be considered as an acceptable 
method of keeping open t h e  lagoon entrance. 
The f e a s i b i l i t y  of encouraging l o c a l  bui ld ing contrac tors  t o  remove 
t h e  sand from t h e  lagoon entrance f o r  p r i v a t e  use  has been explored by 
t h e  City of San Diego. Preliminary i n q u i r i e s  suggest t h a t  t h i s  approach 
would not be economically p r o f i t a b l e  because of t h e  s a l i n e  character  of  t h e  
sand, demands that d i r e c t  use be r e s t r i c t e d  t o  b a c k f i l l  ma te r i a l ,  and 
because t h e  volume i s  too small t o  warrant t r anspor t  cos t s  f o r  f i l l  
mater ia ls .  
It i s  noted, however, t h a t  the re  i s  a c r i t i c a l  need f o r  replenishment 
of sand on t h e  Torrey Pines S t a t e  Beach and on t h e  Del Mar beach. A t  Torrey 
Pines,  f o r  example, t h e  winter  beach i s  s o  narrow that wave ac t ion  caused 
s i g n i f i c a n t  damage t o  t h e  coas ta l  highway ea r ly  i n  1973, necess i t a t ing  
r e p a i r s  by t h e  City of San Diego. A rough est imate of t h e  volume of sand 
t h a t  could be removed from t h e  entrance of  t h e  Los Penasquitos Lagoon 
(25,000 - 30,000 cubic yards)  and placed on t h e  S t a t e  Beach ind ica ted  t h a t  
this might r a i s e  t h e  e levat ion of t h e  beach by about 3 f e e t .  Serious 
considerat ion should thus  be given t o  t h e  p o s s i b i l i t y  of a regular  program 
(say,  a t  $-year i n t e r v a l s )  of sand b a r  removal and beach replenishment, 
ca r r i ed  out by t h e  S t r e e t  Services,  o r  o the r  appropr ia te  department, 
of t h e  City of San Diego. 
There a r e  many ways, then,  of c rea t ing  and maintaining a permanent 
opening of t h e  Los Penasquitos Lagoon t o  t h e  sea.  Selec t ing t h e  most p r a c t i -  
c a l  and economically f e a s i b l e  method w i l l  f a l l  under t h e  j u r i s d i c t i o n  of 
t h e  San Diego Coastal Management Committee, an advisory board recen t ly  formed 
t o  carry  out a basin-wide program of lagoon planning and management. 
Development 
Proposed Pouer Plant  
About h a l f  of t h e  lagoon l i e s  i n  t h e  Torrey Pines S t a t e  Reserve and i s  
adequately protec ted  under t h e  "reserve" s t a t u s .  Most of t h e  remainder of 
t h e  lagoon, about 210 acres ,  i s  owned by t h e  San Diego Gas and E l e c t r i c  
Company. The a rea  owned by t h e  Company has been proposed as  
a  power p lant  s i t e .  Hbwwer, the re  has been much l o c a l  public opposit ion,  
based on aes the t i c  and ecological  considerat ions,  t o  power p lan t  construction 
i n  t h e  lagoon. 
The Department takes  t h e  pos i t ion  t h a t  no i n d u s t r i a l  development, including 
t h e  construction of a posrer p lan t ,  should take  place i n  the lagoon, s ince  
coas ta l  wetlands should not be destroyed unnecessari ly.  And, most i n d u s t r i e s  
do not require  t h e  n a t u r a l  resources of t h e  lagoon fol- t h e i s  successful  
operat ion and, hence, do not need t o  be constructed i n  t h e  wetlands. 
Due t o  se isbnic  and o the r  risk f a c t o r s ,  t h e  S t a t e  of Ca l i fo rn ia  Resources 
Agencyts 20-year Power Plant  S i t i n g  Plan ( c a l i f .  Res. Agency, 1973) has 
recommended t h a t  e l e c t r i c  u t i l i t i e s  d i r e c t  t h e i r  primary s % t e  se lec t ions  
toward "designated optimum areast '  i n  p a r t s  of  t h e  Sacramento and Sari Joaquin 
Valleys and southeastern Cal i fornia  deser t  a reas .  However, econolllic f a c t o r s  
and t h e  "energy c r i s i s "  could preclude bui ld ing t h e  San Yiego G a s  and E l e c t r i c  
p lant  elsewhere--since above-ground, coas ta l  power p lan t s  a re  t h e  most econo- 
mical t o  b u i l d  and more e f f i c i e n t  i n  t h e  use of primary energy sources. 
Should t h e  power p lant  be b u i l t  i n  Los Penasquitos Lagoon, mi t igat ion f o r  
t h e  l o s s  of t h e  s a l t  marsh and lagoon channels on t h e  s i t e  and enhancement 
of t h e  surrounding areas  w i l l  be required.  
It i . ~  p o s s i U e  t h a t  t h e  x a t e r  intake-discharge system t o  a power p lant  
a t  Los Penasquitos could he designed i n  a manner t o  be of benef i t  t o  lagoon 
resources. A s  an example, adequately cooled water discharged i n t o  t h e  lagoon-- 
s t a t e  and ~ e g i o n a l  m t e r  resources con t ro l  boards have s t r i c t  regula t ions  
concerning discharge temperatures (sWRCB, 1972)-- could increase  i t s  q u a l i t y  
and product iv i ty  by t h e  increased f lushing.  Waters discharged i n t o  t h e  lagoon 
could a l s o  provide a permanent so lu t ion  t o  maintaining t h e  ocean entrance.  
Though oppor tuni t ies  may exist f o r  lagoon enhancement through imagina- 
t i v e  power p lan t  design, past  experience has shown t h a t  such developments 
haye proven detr imental  t o  n a t u r a l  resources.  
Development of Watershed 
Los Penasquitos Lagoon, l i k e  most coas ta l  lagoons, i s  undergoing a 
slow demise from sedimentation. This i s  a n a t u r a l  phenomenon t h a t  begins 
t h e  moment t h a t  t h e  lagoon i s  f i r s t  formed. But t h e  process i s  hastened 
hy disturbances i n  t h e  watershed and improper management of  t h e  same. 
Sedimentation, then,  i s  one of t h e  c r i t i c a l  problems i n  t h e  Los Penasquitos 
Lagoon and needs a hasty- solut ion.  
Deyelopment i n  t h e  lagoon environs and watershed w i l l  increase  t h e  r a t e  
of sediment f l o v  due t o  erosion of uns tab i l i zed ,  unvegetated s lopes .  Both 
s i l t s t o n e  and sandstone sedimentary deposi ts  are  f a i r l y  s t a b l e  under low 
angle cu t s ,  but a r e  suscept ib le  t o  erosion from surface run-off and contr ibute  
l a rge  amounts of sediment during heavy r a i n s  ( ~ i c k  Eng. Co., 1972).  For 
example, in tens ive  grading and land f i l l i n g  on t h e  slopes north of  Carmel 
Yalley Tioad have r e s u l t e d  i n  an increased t h r e a t  of sediment accumulation 
i n  t h e  lagoon channels. 
I n  an attempt t o  control  the  s i l t a t i o n  t h r e a t  and increased sedimenta- 
t i o n  r a t e  from development i n  t h e  Los Penasquitos Lagoon watershed and environs,  
t h e  San Diego Regional Qua l i t y  Control Board (.RU'QCB-SD ) approved a r e s o l u t i o n  
i n  197Q (_70-~26). presc r ib ing  requirements  f o r  c o n t r o l  o f  s i l t a t i o n  from 
cons t ruc t ion  p r o j e c t s  i n  a r e a s  t r i b u t a r y  t o  t h e  lagoon. m e  most e f f e c t i v e  
means recomended is establ ishment  o f  v e g e t a t i o n  on cu t  and f i l l  s l opes  imme- 
d i a t e l y  rol lowing t h e i r  cons t ruc t ion .  A l t e r n a t i v e l y ,  grading should procede 
i n  d i s c r e e t  sub-units, each s t a g e  be ing  fully landscaped and s t a b i l i z e d  p r i o r  
t o  proceeding t o  t h e  next  phase (.BQWCB-SD, pe r s .  c o r n . ) .  S i l t a t i o n  b a s i n s  
o r  sediment t r a p s  a l s o  a r e  recomended procedures f o r  slowing t h e  r a t e  of  
s i l t  e n t r y  i n t o  t h e  lagoon. Severa l  such b a s i n s  have been cons t ruc ted  ad ja-  
cent  t o  Camel 'Va l l ey  Road which have slowed sedimentat ion down some, b u t  
not  yet e l imina ted  t h e  problem. The Department endorses  s t r i c t  enforce-  
ment of RWQCB-SD s t i p u l a t i o n s  t o  c o n t r o l  t h e  s i l t a t i o n  t h r e a t  t o  t h e  
lagoon from improper development and management of  t h e  watershed. 
Flood Control Measures 
The watershed d ra in ing  i n t o  Los Penasqui tos  Lagoon i s  sub,j e c t  t o  f l ood  
cond i t i ons  p e r i o d i c a l l y .  The f e a s i b i l i t y  o f  a f l o o d  con t ro l  system through 
t h e  Los Penasqui tos  drainage a r e a  has  been s tud ied  by t h e  U .  S. Army Corps 
of Engineers i n  cooperat ion wi th  t h e  County of  San Diego ( u .  S .  A r m y  Corps 
of Engineers ,  1967) .  A t  one t ime t h e  Los Penasqui tos  Creeic p r o j e c t  was 
seventh in p r i o r i t y  among 21 proposed San Diego County p r o j e c t s    an Diego 
Co. Dept. Spec. Se rv i ces ,  1968).  
The Department endorses a f lood  p l a i n  management system a s  one of t h e  
m0s.t e c o l o g i c a l l y  sound methods t o  c o n t r o l  bo th  f lood  damage and sedimenta- 
t i o n  problems i n  t h e  lagoon and i t s  environs.  Flood p l a i n  management i s  
accomplished by both s t r u c t u r a l  and non-s t ruc tura l  methods ( c i t y  of  San Diego 
Plan. Dept. Water Res., 1967; San Diego Co. Dept. Spec. Serv. ,  1968).  
S t r u c t u r a l  means include l w e e s  t o  confine s t r e m  flows and p ro tec t  s p e c i a l  
areas ,  swales and rese rvo i r s  t o  con t ro l  floodwater flows i n t o  continuous 
discharge,  and s o i l  conservation p rac t i ces  necessary t o  r e t a i n  r a i n f a l l  
and increase  percola t ion i n t o  watershed s o i l s .  Non-structural methods include 
zoning f lood p la in  lands t o  uses compatible with per iodic  inundation,  sub- 
d iy i s ion  regu la t ions  on the  flood p la in  i t s e l f ,  and d i f f e r e n t i a l  f lood p l a i n  
insurance r a t e s  Payoring a g r i c u l t u r a l  and o the r  compatible uses.  The o v e r a l l  
object iye of a wel l  planned flood p l a i n s  management program, then,  would be 
not only t o  protec t  t h e  lagoon from excess sedimentation from improper water- 
shed management, hut  a l s o  t o  c rea te  a green b e l t  r i p a r i a n  h a b i t a t ,  highly 
valuable t o  w i l d l i f e ,  i n  t h e  upper por t ion  of t h e  Sorrento Valley. 
Consideration a l s o  should be given t o  t h e  incorporat ion of sediment 
t r a p s  and bas ins  i n t o  t h e  flood management system. These t r a p s  and bas ins  
should be of s u f f i c i e n t  s i z e  t o  handle t h e  run-off an t i c ipa ted  from maximum 
(-100 years )  storm f lood,  and provisions made t o  remove rou t ine ly  t h e  accumu- 
l a t e d  sediment from t h e  t r aps .  It i s  emphasized t h a t  t h e  l i f e  of t h e  lagoon 
ecosystem depends upon t h e  v i t a l i t y  of i t s  t i d a l  channel system and upon t h e  
elevation of t h e  marsh sediments surrounding t h e  channels. Life could be 
terminated with a s ing le  season of excessive r a i n f a l l  through t h e  blocking 
of a channel by silt o r  t h e  r a i s i n g  of t h e  marsh surface  by a half-foot  of 
storm run-off deposited sand. 
Another v i a b l e  so lu t ion  t o  the  sedimentation problem i s  a channeliza- 
t i o n  p ro jec t  through t h e  lagoon i t s e l f .  Experience has shown. ( ~ p e t h ,  1970) 
t h a t  a wel l  designed a r t i f i c i a l  channelized system, ca re fu l ly  constructed t o  
prevent damage t o  the  hab i t a t  and t o  preserve t h e  a e s t h e t i c  c h a r a c t e r i s t i c s  
of t h e  lagoon, can carry  sediments on through t h e  lagoon t o  t h e  ocean. 
Top Photo: Ponds isolated from the channel system are ideal breeding sites for mosquitoes. 
Bottom Photo: Handdigging trenches to natural channels alleviates the problem temporarily. 
Department of Fish and Game Photos, March 1974 
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No one of these  a l t e r n a t i v e  solut ions  t o  t h e  s e d h e n t a t i o n  problem should 
preclude t h e  other ;  no measure t o  prolong t h e  l i f e  of t h e  v i t a l  c o a s t a l  wet- 
lands should be overlooked. 
Pol lu t ion 
Urban Drainape 
The d e ~ e l o p n e n t  ai' suburban housing presents  add i t iona l  s p e c i a l  problems 
t o  t h e  lagoon ecosystem. An increase  i n  t h e  l m e l  of p o l l u t a n t s  i s  a n t i c i -  
pated due t o  i r r i g a t i o n  run-off from lawns, gardens and o the r  landscaping 
f e a t u ~ e s .  The lagoon i s  present ly  t h e  receiving bas in  f o r  a l l  surface  water- 
flows from adjacent urbanized upland areas .  These e x i s t i n g  and f u t u r e  
sources of water po l lu t ion ,  however, probably w i l l  be l e s s  s i g n i f i c a n t  than 
t h e  po l lu t ion  t h a t  once emanated from sewage discharges of t h e  Sorrento,  
Callan and Poway sewage treatment p lan t s .  
The most e f f e c t i ~ e  long-term control  of urban po l lu t ion  would be in- 
creased t i d a l  f lushing from a permanent opening t o  t h e  sea  which would mini- 
mize adverse e f f e c t s  o r  urban surface  water run-off. The Department, however, 
encourages a program t o  monitor po l lu tan t s  i n  t h e  lagoon and t o  determine 
i f  t h e r e  i s  a need f o r  a m a s t e r  drainage system. Such a program and study 
could be ca r r i ed  out by a l o c a l  educational  i n s t i t u t i o n .  
Mosquito Abatement 
P r i o r  t o  1972, mosquito control  i n  Los Penasquitos Lagoon was accom- 
pl ished by extensive spraying with organo-phosphate pes t i c ides  i n  an o i l  
*. base,  de l ivmed  by a tracked,  amphibious vehic le .  This method of mosquito 
control  was unsa t i s fac to ry  from an ecological  viewpoint, s ince  it caused 
*. 
considerable damage t o  t h e  marsh vegetat ion.  The vehic le  a l s o  l e f t  uns ight ly ,  
111) semi-pemnanent sca r s  i n  t h e  marsh sediments and was d i s rup t ive  t o  nes t ing 
waterfowl (Mudie, 1969).  
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Top and 
Bottom Photos: Encroachment by domestic animals, recreational vehicles and other disturbances, due to the proxi- 
mity of housing developments north of the lagoon,needs immediate eclaluation and remedial action 
if necessary. 
Department of Fish and Game Photos, March 1974 
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Since 1972, spraying has been done by hand and marsh management tech- 
niques have been employed. One such technique has heen t h e  maintenance of 
an open lagoon entrance through mechanicalmeans. Good t i d a l  f lushing 
i s  not only in imical  t o  mosquito reproduction, but  a l s o  ensures maximum 
presence of predators t h a t  feed on mosquito larvae .  Another marsh management 
technique has been di tching t o  dra in  areas  of s tagnant ,  empounded waters 
which reduces mosquito reproduction. Any f u r t h e r  mosquito con t ro l  measures 
should be l imi ted  t o  t h e  d i s c r e e t  appl ica t ion of non-toxic ( t o  o the r  l i f e  
forms), prater-based, bio-degradable larvacides  during appropr ia te  wind and 
t i d e  condit ions.  
Encroachment 
Human and Animal Disturbance 
Resident ia l  developments now being completed along t h e  northern and 
eas tern  slopes of t h e  lagoon and others  t h a t  w i l l  dot  t h e  landscape i n  t h e  
fu tu re  w i l l  s u b s t a n t i a l l y  increase t h e  human population bordering t h e  lagoon. 
'It i s  expected t h a t  t h e  domestic animal population w i l l  a l s o  increase .  
The impact of human and animal encroachment upon t h e  lagoon i s  not  pre- 
c i s e l y  known. However, q u a l i t a t i v e  observations suggest t h a t  t h e  increased 
number of people and domestic animals enter ing t h e  lagoon i s  having a dis-  
rupt ive  e f f e c t  upon res iden t  w i l d l i f e .  Nesting species  a r e  t h e  most s e r i -  
ously af fec ted .  
Recently, t h e  San Diego Gas and E l e c t r i c  Company posted s igns  pro- 
h i b i t i n g  access t o  t h e i r  lagoon property.  This ac t ion  has re-  
duced public access t o  t h e  lagoon waters and t h e  salt marsh, thereby 
providing protec t ion t o  nes t ing grounds and areas  of t h e  marsh t h a t  a r e  
s e n s i t i v e  t o  ac t ive  human use ,  p a r t i c u l a r l y  off-the-road vehic les .  
Top Photo: The Santa Fe Railroad right-of-way is a dominant feature and reduces the vitality and aesthetic 
quality of the lagoon. 
Bottom Photo: Relocation of the Carmel Valley Road would encroach upon the periphery of the lagoon. 
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With increased encroachments i n t o  t h e  lagoon t h e  Department of Parks 
and R e c ~ e a t i o n  dl1 face an increasing problem of con t ro l l ing  use of t h e  
lagoon. The City of Sm Diego could a s s i s t  i n  t h i s  e f f o r t  with a continu- 
ing  educational  program t o  c rea te  publ ic  awareness of lagoon values.  
Speci f ic  l w e l a  of use have not been es tabl ished f o r  t h e  lagoon. 
As pressures mount f o r  increased use of t h e  lagoon, it w i l l  be necessary 
f o r  t h e  managing agency.to s e t  such l e v e l s  i n  order t o  avoid damage t o  t h e  
resource. It i s  proposed t h a t  human and domestic animal use of t h e  lagoon 
be moni to~ed  and t h a t  s tud ies  be undertaken t o  determine optimum l e v e l s  
of compatible uses andmeasures necessary t o  provide f o r  and con t ro l  such 
use. 
Road "Relocation 
Camel Yalley Road i s  indicated a s  a major s t r e e t  on t h e  General 
P l an  f o r  t h e  City of San Diego. It i s  an t i c ipa ted  t h a t  t h e  completion 
of t h e  housing development on t h e  nor th  slope of t h e  lagoon w i l l  c r ea te  
pressures f o r  widening t h i s  road. The o r i g i n a l l y  proposed 102-foot r igh t -  
of-way would encroach on t h e  lagoon. The S t a t e  Department of Parks and 
Recreation has formally communicated t o  t h e  City of San Diego i t s  opposi- 
t i o n  t o  any Kidening of  t h e  road t h a t  would encroach on t h e  marsh. Lo- 
c a l  r e s iden t s  have pe t i t ioned  t h e  City t o  maintain Camel Valley Road a s  
a r e l a t i v e l y  slow-speed scenic parkway. As  a r e s u l t ,  t h e  City proposed 
as  a l t e r n a t e  design employing a narrower right-of-way and including a 
landscaped median s t r i p  ( ~ i c k  Engineering Company, 1972). 
m $ a  plans hiwe been proposed t o  r e a l i g n  Sorrento Yalley Road 
across t h e  s a l t  f l a t s  on t h e  southeastern s i d e  of t h e  lagoon ( ~ e V o r e ,  pers .  
comm., 1973) .  The p re sen t  alignment f r i n g e s  t h e  e a s t e r n  edge of  t h e  lagoon 
a rea .  The proposed r e l o c a t i o n  would i s o l a t e  a t  l e a s t  50 a c r e s  o f  marshland from 
t h e  main drainage system un le s s  provis ion  i s  made f o r  t h e  exchange of' water  
under t h e  roadway. T r a f f i c  on a road through t h e  lagoon would have d i s t u r b -  
i ng  e f f e c t s  on b i r d  spec i e s  t h a t  n e s t  i n  t h e  s a l t  f l a t  a r e a ,  i nc lud ing  t h e  
l e a s t  t e r n ,  American avocet and black-necked s t i l t .  And, t h e  a e s t h e t i c  qua l i -  
t i e s  of  t h e  lagoon would be f u r t h e r  reduced. 
The Department of  F i s h  and Game would o b j e c t  t o  any plan  t o  f i l l  o r  
otherwise des t roy  o r  reduce t h e  n a t u r a l  va lues  of  t h e  lagoon ur.less adequate 
m i t i g a t i o n  f o r  such l o s s e s  is  provided. 
Lagoon Management 
Approximately twenty governrrrent agencies  have j u r i s d i c t i o n  over  va r ious  
a spec t s  a f f e c t i n g  t h e  maintenance o r  use of  Los Penasqui tos  Lagoon and 
i t s  watershed. Severa l  of  t h e s e  agencies  have acc~cmnula.tecl co~ l s id -  
e r a b l e  information about t h e  s p e c i f i c  a r e a s  of  lagoon management w j th in  
t h e i r  j u r i s d i c t i o n ;  f o r  example, water  q u a l i t y ,  sedimenL t , ranspor t ,  v e c t o r  
c o n t r o l  and l and  use  On t h e  b a s i s  of t h i s  in format jon ,  sorne of  
these  agencies  have adopted p o l i c i e s  designed t o  c o n t r o l  p o t e n t i a l  problems, 
ranging from s i l t a t i o n  c o n t r o l  (  an Diego Regional Water Q u a l i t y  Control  
Board) t o  t h e  c o n t r o l  of  la rge-sca le  dredging ( u .  S. Army Corps o f  ~ n g i n e e r s ) .  
It i s  ev iden t ,  however, t h a t  t h e  amount of  informatior,  exc.hxlge and Lnter- 
departmental cooperat ion among t h e s e  agencies  has been verg l i m i t e d  i n  t h e  
p a s t  and has had Lhe e f f e c t  o f  hampering e f f o r t s  t o  execute p r o t e c t i v ~  
lagoon management p r a c t i c e s .  
An i nc reas ing  concern over  t h e  l a c k  of  in te ragency  coord ina t ion  and over  
t h e  growing pressures  o f  urban development l e d  t o  t h e  formation of  t h e  
San Diego Coastal Lagoon Management Committee. This advisory body, which 
was formed i n  June 1973 under t h e  auspices o f  t h e  Department of  Parks and 
Recreation, i s  comprised of  s c i e n t i s t s ,  concerned c i t i z e n  groups, environ- 
mental consul tants  and representa t ives  of governmental agencies with exper- 
t i s e  o r  common concerns i n  the  a r e a  of  lagoon management and planning. 
The u l t ima te  concern of the  Committee extends t o  t h e  management of a l l  
t h e  lagoons i n  San Diego County. I n i t i a l l y ,  however, t h e  Los Penasquitos 
Basin has been se lec ted  a s  a model management study a r e a  and recommendations 
a r e  being formulated f o r  both short-term and long-term management p rac t i ces  
i n  t h e  lagoon. Some of these  recommendations pe r t a in  t o  s p e c i f i c  ac t ions  
which should be  taken i n  t h e  near  f u t u r e ;  f o r  example, extens ive  excavation 
of the  lagoon entrance and removal of  accumulated s i l t  from inner  lagoon 
channels. Other recommendations a r e  aimed a t  interagency coordinat ion and 
a t  e s t ab l i sh ing  a comprehensive program of research among, l o c a l  educational  
i n s t i t u t i o n s  and government agencies i n t e r e s t e d  i n  t h e  lagoon ecology and 
hydrology. The Committee has secured a $30,000 budget f o r  f i s c a l  year  
1973-74 from t h e  S t a t e  Department of  Parks and Recreation and has sought 
a matching amount from t h e  City of San Diego. A por t ion  of  t h e  se- 
cured funds has been used t o  cont rac t  prel iminary improvements 
a t  t h e  mouth of t h e  lagoon, necessary t o  t h e  construct ion of  a per- 
menent opening. 
The eventual  goal  of  the  San Diego Coastal Management Committee i s  t o  
s e t  up a continuing, basin-wide program of lagoon planning and management. 
Similar  committees with s imi la r  goals  have been formed o r  recommended i n  
o ther  loca t ions ,  such as  San Francisco, Morro Bay, Humboldt Bay, e t c .  
The Department of Fish and Game s t rong ly  recommends t h a t  t h i s  and a l l  such 
committees be a c t i v e l y  supported by t h e  pub l i c ,  involved s t a t e  and f e d e r a l  
agencies and concerned p r i v a t e  i n t e r e s t s ;  f o r  research,  pl.anning and manage- 
ment i s  c r i t i c a l l y  necessary t o  t h e  fu tu re  of  our invaluakrle c o a s t a l  wetlands, 
of which Los Penasquitos Lagoon i s  a t y p i c a l ,  v i t a l  and ecological ly  s igni -  
f i c a n t  representa t ive .  
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APPE21DT.X B (cont'd. ] 
Temperature and s a l i n i t y  graphs of surface and bottom water ( a t  approxi- 
mately 20 f e e t ) ,  showing t yp i ca l  annual t rends  under closed and open 
lagoon conditions, data  sources: Carpelan (1960) and Bradshaw (1968 ) : 
A. Temperature. The graphs indicate  t ha t  when the  lagoon i s  open (e.g. 
1958, 1967-8), the re  i s  l e s s  than 5 O C  difference i n  t h e  temperature 
of t h e  surface and bottom water, t h e  l a t t e r  usually being s l i g h t l y  
cooler than t he  former. When t h e  lagoon i s  cl.osed and l i t t l e  f r e sh  
water i s  entering (see 19591, t he  surface water heats  much more 
rapidly  than t h e  deep water. I n  con t ras t ,  when the  lagoon i s  closed 
and considerable f r e sh  water i s  entering (e.  g. from sewage e f f luen t  
a f t e r  19631, warn dense s a l i ne  water may accumulate beneath t h e  l i g h t e r  
brackish surface va t e r  (.see Ju ly  - Jan., 1966). 
B. Sal in i ty .  The 1958-9 graph shows t h e  dramatic r i s e  i n  s a l i n i t y  t ha t  
occurs i n  both surface and bottom water Po1lo1~-ing t h e  closure of tlie 
lagoon i n  the  absence of a major f resh  water inflow. I n  con t ras t ,  
when suhatant ia l  wounts  of f resh  water enter  -tke lagoon year round 
e.g. sewage e f f luen t  a f t e r  1963), t he  s a l i n i t y  of t.he surface water 
i n  the  closed lagoon i s  lowered consi.dsrably, even during t he  summer 
months (see July  - Aug., 1966). The bottom wa-ter r e m l n s  s a l i n e ,  how- 
ever. On res to ra t ion  of t i d a l  action (see  196'7-8), the s a l i n i t y  of  t h e  
surface and bottom water remains approximately t h a t  of sea  water, 
despite the  continued inflow of sewage e f f luen t .  
I n  general,  then t i d a l  conditions i n  t h e  open lagoon promote mixing and 
s t ab i l i z a t i on  of water temperature and s a l i n i t y .  Under closed condit ions,  
strong gradients develop between surface and bottom waters and la rge  
annual f luctuat ions  occur. 
APPENDIX C 
Check List of Flowering Plants 
(Bradshaw, 1968) 
Note: * denotes species observed outside of Torrey Pines Park boundary. 
FAMILY SPECIES COMMON NAME 
Malvaceae MaZva parviflora L. Cheeseweed 
Geraniaceae Erodim cicutariwn (L. )L'Her. Red-stem filaree 
E. moschatm (Burm.~.)L'Her. White-stem filaree 
Oxalidaceae 
Euphorbiaceae 
Tmari c ac eae 
Frankeniaceae 
Capparidaceae 
Crucif erae 
Caryophyllaceae 
Portulacaceae 
OxaZis pes-caprae L. 
Ricinus comunis L. * 
Tamarix sp. 
Frankenia grand; fo Zia Cham. & 
Schlecht 
Isomeris arborea Nutt. 
Brassica nigra (L. )~och 
CakiZe edentula (Bigel.)Hook 
ssp. caZifornica ( ~eller ) Hult . 
Hutchinsia procwnbens (L.)Desv. 
LobuZaria m6t irna  (~.)Desv. 
MatthioZa incana (L. )R.B~. 
Raphanus sativus L. 
Sisymbrim cf. aZtissimwn L. 
SperguZaria rnucrotheca (~ornem.) 
Heynh . 
S. marina (~.)~riseb. 
Montia perfoziata (~onn . )
Howell 
Bermuda buttercup 
Castor bean 
Tamarisk 
Alkali heath 
Bladder pod 
Black mustard 
Sea rocket 
Nannie's purse 
Sweet alyssum 
Stock 
Mild radish 
Tumble mustard 
Large-flowered sand 
spurrey 
Salt marsh sand spurrey 
Miner. ' s lettuce 
APPENDIX C (cont ' d. ) 
FAMILY SPECIES 
Chenopodiaceae S. subtezhnaZis Par ish  
(cont. ) 
S. virginica L. 
COMMON NAME 
Glas swort 
Pickleweed 
SaZsoZa kaZi L.  Russian t h i s t l e  
var . tenni fo Zia Taus ch 
Suaeda ca Z i  fornica  at s . Cali fornia  s eab l i t e  
Primulaceae AnagaZZis arvensis L. Pimpernel 
Plumbaginaceae Limoniwn cazifornicwn ( . ~ o i s s .  ) Sea lavender 
Heller  
var . rnex<canwn (Blake )Mum 
Convolvulac cae ConvoZvuZue &due ~ r e e n e  Morning glory  
spp . tenui f o Zius Abrams 
Cressa t d  2 Zensis H . B . K . Alkal i  weed 
var .  vazzicoza (.~eller)Munz 
Cuscutaceae Cuscuta sazina Engelm. var.  Saltmarsh dodder 
aquamigera (~nge lm.  I ~ u n c k e r  
Hydrophyllaceae Phace Zia distans &nth. Wild hel io t rope 
Boraginaceae Amsinckia intermedia F. & M .  Yellow fiddleneck 
Cryptantha cf.  intermedia Nievit as 
(-~ray ) ~ r e e n e  
He Ziotropiwn curaseavicwn L . Chinese pusley 
var. 0~UZatmI ( . ~ e l l e r )  ~ t n .  
Solanaceae Lyciwn caZifornicwn Nutt . California baxthorn 
Niootiana g Zauca Graham Tree tobacco 
Woporaceae Mgopom Zaetwn Fors t .  f .* ~ 0 ~ 0 -  
am 
APPENDIX C ( cont ' d. ) 
I 
FAMILY SPECIES COMMON NAME 
I Aizoaceae Mesembryanthemuni chilense Mol. Sea f i g  
I M. crystaZZinwn L. I c e  p lant  
Hottentot f i g  
L i t t l e  i c e  p lant  
PY 
Cactaceae 
Te tragonia eccpansa Murr New Zealand spinach 
Opuntia oc&dentaZis Engelm. & Shore cactus 
Bigel. v a r  . ZittoraZis (.~ngelm. 
Par ish  
Opuntia prozifera Engelm. Coast chol la  
tm Poly-gonaceae Eri-ogonm fascicu Zatm Benth* Cal i fornia  buckwheat 
Pterostegia drymarioides F. & M. Cali fornia  thread-stem 
II R m e x  saZicifoZius Weinm. Willow-leaved dock 
Chenopodiaceae AtripZex Zeucophy ZZa (Moq* ) Sea sca le  
Q 
D. Die t r .  
A. patuza L. ssp-  hastata (.L- ) Spearscale , Fat-hen 
Hall & Clem. 
A. semibaccata Brown Australian saltbush 
Bassia hyssopifoZia (.pall. ) Bassia 
Kunt ze  
Chenopodiwn album L. Lamb ' s quar ters  
C. macrospemnm Hook f Nettle-leaved goosefoot 
var.  farinoswn ( ~ a t s . ) J . T .  
Howell 
SaZicornia europaea L. * Annual pickleweed 
APPENDIX C (cont 'd. ) 
FAMILY 
Crassulaceae 
Ros aceae 
Leguminosae 
Salicaceae 
Onagraceae 
Rhmnac eae 
Anacardiaceae 
Umbelliferae 
Cucurbit aceae 
Compos i t ae 
SPECIES COMMON NAME 
DudZeya ZanceoZata ( ~ u t t  . ) ~ r i t t .  Live-for-ever 
& Rose 
TiZZaea erecta H. & A. Sand pigmy 
Ribes specioswn Pursh. Fuchsia-flowered 
gooseberry 
HeteromeZes arbutifoZia M .  Roem Toyon 
AstragaZus Zeucopsis ( ~ o r r . ]  Coast locoweed 
T. & G. 
Lotus nuttaZZimus Greene 
L. s c o p 6 u s  C ~ u t t .  10 t t l ey  
Medicago hispida Gaertn. 
Me ZiZotus Cndicus (-L. )All .  
SaZix Zasio Zepis Benth . 
Oenothera cheiranthifo Zia 
Hornem ex Spreng. 
var  . suffruticosa Wat s . 
R h m u s  crocea Nutt. Redberry 
Rhus integrifoZia ( ~ u t t . ) ~ e n t h .  Lemonade-berry 
& Hook. 
Schinus moZZe L. * Peruvian pepper t r e e  
FoenicuZm vuzgare ( L .  )Gaertn. Sweet fennel  
Marah macrocarpus ( m re ene 1 Greene Wild cucumber 
AmbZyopappus pusi ZZus H .  & A. Coast weed 
Ambrosia psiZostachya D.C .  Western ragweed 
var . caZifomica (Rydb . lake 
Beach Lotus 
Deerweed 
Burclaver 
Sweetclover 
Arroyo willow 
Beach evening primrose 
Y APPENDIX C ( cont ' d. ) 
w FAMILY 
Composit ae 
II (cont .  ) 
SPECIES 
Artemisia caZi fornica Less. 
Bacchar-is viminea D.C. 
Centawlea meletensis La 
Chaenactis gZabriuscuZa D.C. 
Chqsopsis viZZosa (Pursh. )Nutt 
y a r  . sessi  Zif Zora (Nut to  ) G ~ w  
CotuZa austraZis (.Sieber )Hook. F. 
C. coronopi fo Zia L 
EnceZia caZifornica Nutt-  
GnaphaZiwn bicoZor B i o l e t t i  
HapZopappus venetus ( H  B. 1 
Blake 
ssp .  vernonioides (Nutt 1-z 
Henrizonia fascicuZata ( D *  C ) 
T. & G. 
Heterotheca grandifZora Nutt. 
Iva hayesiana G ~ w  
Jawnea camosa C ~ e s s .   ray 
Lasthenia gZabrata Lindl.  
PZuchea purpurascens (.sw.)~.C. 
P. sericea ( . ~ u t t .  Z~ov .  
Senecio cf .  caZifornicus D.C. 
Sonchus asper L. 
S. oZeraceus L. 
COMMON NAME 
Coastal sagebrush 
Mule f a t  
Tocolote, star t h i s k l e  
Yellow pincushion 
flower 
Golden a s t e r  
Aust ra l ian  brass but ton  
Brass but  tons  
Common Encel ia  
Cudweed 
Goldenbush 
Golden t a m e e d  
Telegraph weed 
Southern poverty weed 
Jaumea 
S a l t  marsh daisy 
S a l t  marsh f leabane 
Arrow-weed 
Ca l i fo rn ia  grounds e l  
P r i ck ly  sowth i s t l e  
Common sowth i s t l e  
APPENDIX C (cont ' d. ) 
FAMILY SPECIES COMMON NAMF: 
Compos.it ae Stephanomeria virgata Benth. Slender stephanomeria 
(cont .  ) 
Xanthiwn s t m a r i w n  L. 
v a r  . g Zabratwn (.D . C . ) ~ r o n q .  Cocklebur 
Ruppiaceae Ruppia m d t i m a  L. 
Zosteraceae Phy ZZospadix sp  . 
Ty-phaceae Typha ZatifoZia L. 
Juncaceae Juncus acutis L. var .  
Ditch g rass  
Surf grass  
T a l l  c a t - t a i l  
sphaerocarpus Engelm. Spiny rush 
J. mexicanus Willd. Mexican rush 
Cyperaceae Scirpus cazifornicus (-C. A. Mey.] Cal i fornia  bulrush 
S t  eud. 
$. robustus Pursh. Alkali bullrush 
Gxamineae A m d o  donax L. Giant reed 
Bromus rubens L. Red brome 
DistichZCs spicata (_L. )Greene 
yar .  s t r i c ta  ( . ~ o r r . ) ~ e t t l e  S a l t  grass 
Hordewn marinwn L. V i l a  bar ley  
Lamarckia aurea (.L. )Moench. Golden top  
MonanthochZoe ZittoraZis S a l t  cedar 
Engelm. 
ParafoZis innrrva (-L.]c. E .  Hubb. Sickle  g rass  
APPENDIX D 
A - Abundant 
C - Common 
U - Uncommon 
COMMON NAME 
Shorebirds : 
Semipalmated plover 
Snowy plover 
Ki l ldeer  
Wilson's plover 
Black-bellied plover 
Black turnstone 
Common snipe 
Long-billed curlew 
Whimbrel 
Spotted sandpiper 
Willet 
Greater yellowlegs 
Lesser yellowlegs 
Knot 
Bairds sandpiper 
Birds of t h e  Los Penasquitos Lagoon 
( P a r t i a l l y  from Green, 1969) 
Least sandpiper 
Dunlin 
Short-billed dowitcher 
Western sandpiper 
KEY 
-
0 - Occasional 
R - Rare 
M - Migrant 
SCIENTIFIC NAME 
Charadrius sem<paZmatus CM 
Charadrius a Zexan&nus c 
Charadrius voci ferus CA 
Charadrius w i  Zsonia C R 
SquataroZa squataroZa CM 
Arenaria meZanocephaZa UM 
CapeZZa gaZZinago UM 
flmenius ameKcanus CM 
Numenius phaeopus UM 
Act i t i s  macuZaria U 
Catoptrophorus semipaZmatus CM 
Totanus me Zano Zeucus UM 
~otcmus f ZavTpes OM 
CaZidris canutus CM 
Ero Zia bairdi i  OM 
Ero Zia minuti Za * CM 
Ero Zia alpinus CM 
Limnodromus gKseus OM 
Ereunetes m a d  CM 
APPENDIX D (.cant ' d . ) 
Marbled godwit 
Sanderling 
American avocet 
Black-necked s t i l t  
Wilson's phalarope 
Northern phalarope 
Limosa fedoa CM 
Crocethia aZba UM 
Recwlvirostra mericana A 
Himan topus mexi canus C A 
Steganopus t r ico  Zor UM 
Lobipes Zobatus UM 
Grebes, Loons, Pelicans and Cormorants: 
Eared grebe Podiceps caspicus 
Western grebe Aechophorus occidentazis 
Pied-bil led grebe Podi Zymbus podiceps 
Common loon Gavia i m e r  
Arct ic  loon Gavia arctica 
White pel ican Pe Zecanus ery throrhynchos 
Brown pel ican Pe Zecanus occidentaZis 
Double-crested cormorant PhaZacrocorax a m i  tus 
Brandt ' s cormorant PhaZacrocorax penicaZZatus 
Marsh Birds: 
Sora Porzana carolina U 
Common g a l l i n u l e  GaZZinuZa chloropus UM 
American, coot FuZica americana C 
Light-f oot ed clapper rai l  RalZus Zongirostris Zevipes 0 
Wading Birds: 
Great blue heron 
Common egre t  
Snowy egre t  
Green heron 
Ardea herodias 
Casmerodias a Zbus 
Leucophoyx thuZa 
Butorides virescens 
APPENDIX D ( cont ' d. ) 
Black-crowned night  heron 
American b i t t e r n  
Wood i b i s  
Gulls and Terns: 
Western g u l l  
Bonaparte s gu l l  
Heermann ' s g u l l  
Ring-billed g u l l  
F o r s t e r l s  t e r n  
Common t e r n  
Least t e r n  
Royal t e r n  
Caspian t e r n  
Geese: 
Black brant  
Surface Feeding Ducks: 
Mallard 
P i n t a i l  
Green-winged t e a l  
Blue-winged t e a l  
Cinnamon t e a l  
American widgeon 
Shoveler 
Lams oceidentaZis 
Larus phi Zade Zphia 
Lams heermrmni 
Lams de Zawarensis 
Sterna forsteri  
Sterna hirundo 
Sterna aZbi fmns  
ThaZasseus maximus 
Hydroprogne cnspia 
Anus pZatyrhynchos 
Anas aeuta 
Anas caroZinensis 
Anas discors 
Anas cyanoptera 
Mareca americana 
SpatuZa cZypeata 
APPENDIX D k o n t  ' d . ) 
Diving Ducks: 
Redhead 
Greater scaup 
Buff lehead 
Surf scoter  
S t i f f - t a i l ed  Ducks : 
Ruddy duck 
Mergansers: 
Red-breasted merganser 
Vultures : 
Turkey vul ture  
Hawks and Kites : 
W o i t  e - ta i led  k i t e  
Sharp-shinned hawk 
Cooper ' s hawk 
Red-tailed hawk 
Marsh hawk 
Osprey 
Ay thya americana CM 
Aythya m d Z Z a  CM 
Bucepha Za a Zbeo Za CM 
Me Zanitta perspici Z Zata UM 
Oxywu jamaicensis 
Mergus serrator CM 
Cathartes aura C 
EZanus Zeucurus U 
Accipiter s t r ia tus  UM 
Accipiter cooperii R 
Buteo jamaicensis C 
Circus cyaneus C 
Pandion haZiae tus  U 
Sparrow hawk FaZco sparverius C 
Birds Occurring i n  t he  Area Adjacent t o  Los Penasquitos Lagoon: 
Cal i fornia  quai l  Lophortyx caZifornicus C 
Rock dove Co Zwnbia Zivia C 
Mourning dove Zenai dura macroura C 
Roadrunner Geococcyx caZiforianus U 
Barn owl  Tyto aZba C 
Great horned owl Bubo virginianus R 
D-4 
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Vaux's swi f t  
White-throated swif t  
Anna' s hummingbird 
Belted k ingf isher  
Western kingbird 
Ash-throated f lycatcher  
Black phoebe 
Western f lyca tcher  
Western woodpewee 
Scrub jay 
Common raven 
Common crow 
Common b u s h t i t  
Wrent i t 
Mockingbird 
Cal i fornia  thrasher  
Hermit thrush 
Swainson ' s thrush 
Ruby-crowned k ing le t  
Loggerhead sh r ike  
S t a r l i n g  
House sparrow 
Western meadowlark 
Red-winged blackbird 
Tricolored blackbird 
Hooded o r i o l e  
Bullock's o r i o l e  
Brewer ' s blackbird  
Chaetura vauxi 
Aeronautes smataz is  
CaZypte anna 
Megacery Ze aleyon 
Tyrannus vertica Zis 
Myimchus cinerascens 
Sayomis nigY.icans 
Empidonax d i  f f i c i  Zis 
Con topus sordidu Zus 
Aphe Zcoma coemZescens 
C0PVu8 corax 
Corvus brachrhynchos 
PsaZ triparus minims 
Chamaea fasciata 
&s po ZygZottos 
Toxostoma rediviuwn 
Hy ZocichZa guttata 
Hy ZocichZa ustuZata 
ReguZus ca ZenduZa 
Lanius Zudovicianus 
Stwnus vuzgaris 
Passer domesticus 
S t m e  Z Za neg Zecta 
AgeZaius phoeniceus 
AgeZaius tricoZor 
Icterus cucuZZatus 
I c t e m s  buZZockii 
Euphagus cy anocepha Zus 
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Black headed grosbeak 
Blue grosbeak 
House finch 
American goldfinch 
Lesser goldfinch 
Lawrence's goldfinch 
Rufous-sided towhee 
Brown towhee 
White-crowned sparrow 
Golden-crowned sparrow 
Fox sparrow 
Song sparrow 
Savannah sparrow 
Pheucticus me Zanocep3raZus 
Guiraca caeruzea 
Carpodacus mezicanus 
Spinus t r i s  t i s  
Spinus psaZtria 
Spinus Zmrencei 
PipiZo ery thraphy thaZmus 
Pipi-20 fuscus 
Zonotrichia Zeucophrys 
Zonotrichia atricapi- ZZa 
Passere Z Za i Ziaca 
Me Zospiza me Zodia 
PassercuZus sandwichensis 
APPENDIX E 
THF, MAMMALS OF LOS PENASQUITOS LAGOON 
(from W t a k e r ,  1964) 
Order Marsupiala: 
Virginia  opossum 
Order Insect ivora  
Ornate shrew 
Broad-handed mole 
Order Chiroptera: 
  one recorded i n  this survey) 
Order Lagomorpha: 
Black-tailed jack rabbi t  
Desert co t t on t a i l  
Brush rabb i t  
Order Rodent ia: 
Beechey ground squ i r r e l  
Cal i fornia  vole 
Dide Zphis marsupiaZis 
Sores ornatus 
Scapanus Zatimanus 
Lepus ca Z i  fornicus 
Sy Zvi Zagus auduboni 
Sy Zva Zagus bachmani 
~ t o s p e m o ~ h i  Zus beecheyi 
Micro tus  caZi fornicus 
House mouse Mus muscuZus 
Cali fornia  pocket mouse 
San Diego pocket mouse 
(Peromyscus sP.) 
Deer mouse 
Perognathus ca Z i  f omicus 
Perognathus faZZax 
(possibly P. eremicus o r  boy Z i i )  
Pe.romyscus manicuZatus 
West ern  harvest mouse Reith~odontomys megaZotis 
Bot t a  pocket gopher Thomomy s bottae 
Order Carnivora: 
Coyote (probably an occasional v i s i t o r )  Canis Zatrans 
Bobcat (may res ide  i n  wild areas and Lynxrufus 
forage i n  marsh) 
APPENDIX E (c ont ' d . ) 
Gray fox Urocyon cinereoargenteus 
Str iped skunk Mephitis mephit;s 
Long-tailed weasel Muste Za frenata 
Other carnivores t h a t  may be infrequent v i s i t o r s  t o  t he  marsh, although never 
reported a r e  : 
Raccoon Procy on Zotor 
Badger Taxidea taxus 
Order Artiodactyla:  
Mule deer Odocoi Zeus hemionus 
APPENDIX F 
FISH OF TKE LOS PENASQUITOS LAGOON 
Southern staghorn sculpin 
K i l l i f i s h  
Cal i fornia  hal ibut  
Diamond turbot  
Bay topsmelt 
Cal i fornia  mudsucker 
Pipef i s h  
Snubnose p ipef i sh  
Northern midshipman 
Cal i fornia  corbina 
Opaleye perch 
Spot f i n  croaker 
Queenf i s h  
Anchovy 
Arrow goby 
Barred sand bass  
Spotted sand bass 
Grass rock f i s h  
Blenny 
Str iped mullet  
Shiner perch 
Tidewater goby 
Leptocot t~s  armatus austraZis 
FunduZus parmipznnis 
ParaZichthys caZCfomicus 
Hypsopsetta guttuzata 
AtheKnops a f f i n i s  ZittoraZis 
Oi ZZichthys mirabi Zis 
Sgngnathus sp. 
Syngnathus arctus 
Porhhthys notatus 
Menticirrhus undu Zatus 
Gire Z Za nigr;5cans 
Roncador s t e m s i  
Seriphus po Zitus 
Anchoa sp. 
CZeve Zandia i o s  
ParaZabrax nebuli fer 
Para Zabrax macu Zato fasciatus 
Sebastes rastre ZPiger 
HypsobZennius sp. 
Mugi Z cepha Zus 
Cymatogaster aggregata 
EucycZogobius newberryi 
APPEZNDIX G 
MARIm I2J'KERTEBRA.TES OF THE LOS PENASQUITOS LAGOON 
Burrowing anemone 
Egg cockle 
Gaper clam 
Bentnose clam 
Jackknife clam 
Broad-eared scal lop 
Common l i t t l e n e c k  
Bay mussel 
Nctiye oyster  
Purple o l iye  
Califorrlia bubhle s h e l l  
Sea s lug 
Sand do l l a r  
Yellow shore crab 
Striped shore crab 
Purple shore crab 
Red rock shrimp 
Large shrimp 
Bay ghost shrimp 
Sa l t  marsh s n a i l  
Rough piddock 
Fiddler crab 
Crayfish 
Barenactis attenuata 
keuicard<wn substriatwn 
Tresus nuttaZZi 
Macoma nasuta 
Tage Zus subtera 
Leptopecten l a t i m a t u s  
Protothaca staminea 
MytiZis eduZis 
Ostrea Z d d a  
Olive2 Za bipZicata 
BuZZa gouZdiana 
Navanax i n e m i s  
Dendras t e r  excen t r i cz js  
He~grapsus oregonensis 
Pachygrapsus c ~ a s s i p e s  
Hmigrapsus nudus 
Hippo Zysmata caZi fornica 
Penaeus caZifomiensis 
CaZ ZCanassa caZi fomiensis  
MeZcrmpus oZiuaceus 
Zirfaea piZsbryi 
Uca crenuZata 
Procambarus sp.  
